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FOREWORD 


The experimental work for this study was carried out during 
1933-34 while the writer was Assistant in Psychology at Yale 
University. The study as a whole is a revision of a dissertation 
presented to the faculty of the Graduate School of Yale Univer- 
sity in partial fulfillment of the requirements for the degree of 
Doctor of Philosophy in psychology. _ 

The writer wishes to acknowledge his indebtedness to 
Prof. Ernest R. Hilgard of Stanford University for early 
encouragement and help in formulating the experimental pro- 
cedures. He desires also to express his deep appreciation of the 
valued advice and help of Professors Roswell P. Angier and 
Clark L. Hull, under whose guidance the research was carried 
through. 

In addition, Prof. Arthur W. Melton and other former and 
present members and students in the Section of Psychology in 
the Institute of Human Relations gave freely of criticisms, 
suggestions, and encouragement. To all of these the writer is 
deeply grateful. | 


Lewis B. Warb 
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REMINISCENCE AND ROTE LEARNING 
INTRODUCTION 


In the experiments to be reported,’ the retention of rote 
nonsense material was shown to increase during a period of time 
in which there was no practice on the learned material. Phe- 
nomena of this general type have ‘been previously reported in the 
various studies of reminiscence. Thus used, the term ‘“ reminis- 
cence’ has acquired in psychology a technical meaning rather 
different from that in everyday usage. Since its introduction 
by Ballard (1) it has become widely accepted and has been 
applied to quite a variety of phenomena, some of which differ 
markedly from each other. The salient characteristic distin- 
guishing it from other phenomena of retention is an increase in 
function during a period of time in which there is no overt prac- 
tice on the learned activity. To include in the definition of 
reminiscence various other characteristics and conditions which 
individual experimenters have thought necessary for its appear- 
ance would at present only add confusion and limit the practical 
use of the term. By this definition reminiscence is a convenient 
name for a group of specific phenomena which may or may not 
have a common psychological background. 

Previous investigators found several specific conditions under 
which reminiscence may be expected to occur. Ballard (1) 
showed that children tend to remember partially learned poetry 
better after a few days than they do immediately after learning. 
Williams (53) verified and extended Ballard’s findings, demon- 
strating again that children best remember partially learned 
poetry about two days after learning. From a comparison of 
children of different ages he concluded that reminiscence is 


1 This study is rewritten from a dissertation presented to the faculty of the 
graduate school of Yale University in partial fulfillment of the requirements 
for the degree of Doctor of Philosophy in psychology, 1934. 
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2 LEWIS B. WARD 


greatest in children 10 years of age or younger. Williams also 
attempted to find reminiscence with adult subjects and with 
types of learning materials other than poetry. To Ballard and 
Williams, as well as to most other investigators, it was obvious 
that reminiscence could not, by very definition, occur with com- 
pletely learned material. 

Reminiscence, as here defined, has also been demonstrated 
with adults and with certain materials other than poetry. 
Brown (4), working with rote learning of words, became inter- 
ested in analyzing his subjects’ individual responses. He found 
that on retention tests some of his subjects made better scores 
30 minutes after learning than they did immediately following 
learning, being able to report on later tests of retention words 
which they were unable to recall on an earlier test. Brown’s 
work has been criticized because his subjects were given succes- 
sive retention tests on the same material, so that each test became 
an added practice session. ‘This criticism is perhaps valid with 
respect to the total retention scores, but it does not directly 
explain the later appearance of individual items which did not 
appear on the first retention tests. 

Nicolai (39) had children and adults memorize series of geo- 
graphical names and common objects and found that they 
remembered the material better after an interval than they did 
immediately after learning. Still another type of reminiscence 
was studied by English (10) and his associates, who showed that 
adults could best recognize the summary type of statement on 
the contents of an article 4 weeks or more after studying it. 
The studies of Huguenin (17) and Strong (49) with several 
types of materials also demonstrated the existence of reminiscence 
in adults. Although in many of these studies the measures of 
retention used were somewhat ambiguous, yet they all are impor- 
tant since their findings are in direct opposition to the traditional 
viewpoint. 

An excellent summary of previous work on reminiscence is 
given by Bunch and Magsdick (5). They point out that in spite 
of several experimental studies of the phenomenon the conditions 
under which reminiscence appears have been very incompletely 
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REMINISCENCE AND ROTE LEARNING 3 


worked out. None of the previous experiments, they feel, has 
proved beyond reasonable doubt that the demonstrated increase 
in function took place actually without practice. Since Bunch 
and Magsdick themselves worked only with animal subjects, their 
experiments cannot be directly compared with studies of retention 
in humans. Hence their experimental results will not be dis- 
cussed here in any detail. 

One fact upon which past investigators of memory phenomena 
have almost unanimously agreed is that reminiscence never occurs 
with rote learning of nonsense material. The classical studies 
of retention by Ebbinghaus (9), Muller (37), Finkenbinder (11), 
Luh (29), and others have given a thorough foundation for this 
belief. When plotted graphically on a time axis, the numerical 
results of these experiments form the famous retention curve of 
Ebbinghaus (9). The data show conclusively that with rote 
learning there is an abrupt initial loss of learned material soon 
after learning ceases, with the rate of loss becoming progres- 
sively less and less as the time is extended, until finally, very 
little further loss is evident from day to day. It is interesting 
here to note that these studies give little or no information about 
retention during the first few minutes after learning. With 
the exception of some work? of Raddossawljevitch (43) and 
Strong (48) there seems to have been no attempt to test retention 
sooner than 15 minutes after learning. On the basis of the 
tremendous initial loss shown in most retention studies, it would 
seem that the first few minutes, perhaps even the first few 
seconds, after learning might be the most important period of all 
in determining 'the course of forgetting. And if reminiscence is 
to be found at all with rote nonsense learning, it must be during 
the few minutes immediately after learning. 


2 The work of Raddossawljevitch, and that of Strong also, at intervals as 
short as 5 and 10 minutes may perhaps be considered as primarily exploratory 
in nature. For the studies of the former have been criticized because of lack 
of proper control of practice effects. And the method of recognition used by 
Strong makes his results not directly comparable to those secured in investi- 
gations using anticipatory recall as the measure of retention. Both investi- 
gators may also be criticized for not obtaining a measure of immediate recall 
or in some other way determining the degree of learning being tested for 
retention. 
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The present investigation was undertaken with this in view 
and is an effort to explore systematically the relation between 
amount of retention and the passage of short intervals of time. 
In keeping with the Ebbinghaus tradition it is a study of the 
retention of nonsense syllables presented and learned in serial 
order. It was hoped that the results of the investigation would 
offer further evidence as to the occurrence or non-occurrence of 
reminiscence with nonsense materials. And, regardless of the 
outcome, it was thought that the study might have value as a 
systematic extension of the work begun by Ebbinghaus and his 
followers. 


II. APPARATUS AND EXPERIMENTAL PROCEDURE 


In order that the findings Jf the present investigation should 
be directly comparable and closely related to previous work in the 
field, it was decided to follow, wherever there was no reason for 
doing otherwise, the technique and experimental procedure used 
by Luh (29). Therefore, as in Luh’s study, the learning 
materials consisted of lists or series each made up of 12 nonsense 
syllables. The syllables for the lists were taken from the 
1,100 (approximately) nonsense syllables which, according to 
Glaze (15), have the least association values. In the absence of 
knowleage of the actual lists used by Luh it was assumed that 
lists made up from the 1,100 syllables of least association value 
a for Glaze’s subjects would not differ markedly from Luh’s lists 
ef either in ease of learning or in variability of subject perform- 
4 ance. For his lists were made up from the 1,080 syllables of 
least association value according to the ratings of four graduate 


mM | students. How valid was this assumption will be indicated by 
4 | the extent of agreement, at the common intervals studied, between 
| the results secured in the present study and those previously 


secured by Luh. In making up the lists of nonsense syllables 
the standard rules of Miiller (37) were rigidly adhered to.? No 


ie 3 The most important of Miiller’s rules are: 

(a) Within each list all initial and all final consonants are different. 

(b) No group of syllables in a list forms a polysyllabic word or phrase. 

(c) No two of four consecutive syllables in order of learning have the 
same vowel. 

(d) No two of four consecutive syllables have any consonant in common. 
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REMINISCENCE AND ROTE LEARNING 5 


syllables containing the letter ‘‘ y’’ were included in the lists since 
in common words “ y”’ is sometimes used as a vowel and some- 
times as a consonant. In this manner 26 lists were made up for 
use in the various parts of the experiment. 

A modified Chicago memory drum was used to present the 
materials to be learned in a manner similar to Luh. This drum 
was so designed as to give successive 2-second presentations of 
the nonsense syllables in the 12-unit lists, with a pause of six 
seconds between list presentations. A synchronous electric 
phonograph motor supplied the motive power and controlled the 
timing of the stimulus presentations. The materials to be 
memorized were typed out in “ Title’ type * on sheets of heavy 
white paper which were then wrapped around the drum and held 
in place by a pair of rubber bands encircling both sheet and drum. 
Depending upon the horizontal spacing, the drum contained from 
10 to 14 lists when filled. 

The drum, motor, and driving mechanism were covered by a 
thin wooden screen whose slanting front carried a horizontally 
sliding aperture one by one-and-a-half inches in size, through 
which the subjects viewed the materials to be learned. The plane 
of this aperture was about one-eighth of an inch distant from the 
drum surface. When the apparatus was placed upon an ordinary 
table the aperture was at a convenient height for a clear view 
from a comfortable position in the chair used by the subjects. 
An overhead light, somewhat behind the subjects, afforded good 
illumination without glare. Photographs of the drum, Figure 1, 
with the screen, and Figure 2, without it, reveal the essential 
features. 

In Part I of the investigation it was thought advisable to 
determine the temporal relationships between the subjects’ verbal 
reactions, or “‘ anticipations,’ and the appearance of the list items 
in the aperture of the memory drum. Accordingly, there was 
constructed an electric chronograph,*® which, when connected with 

4“ Title”’ type is produced on a special typewriter on which the letters are 
¥4 inch high and of proportionate width and thickness of line. 

5 The electric chronograph was built upon the same principle as the recording 
instrument described by Fleisch (12). Two synchronous electric phonograph 


motors supplied the motive power and controlled the speed of operation. The 
time records on “ stylograph”, or waxed, paper were clear and quite easily read. 
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6 LEWIS B. WARD 


FicureE 1. Outside view of the memory drum with the Dunlap voice key shown 
in place in front of the screen. The subjects viewed the learning materials 
through the small aperture near the middle of the screen. 


Frcure 2. Front view of the memory drum with screen removed. <A sheet of 
paper bearing 6 lists of nonsense syllables is shown in place on the drum. In the 
background at the extreme left is seen the motor which drives the mechanism. 
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the memory drum and a voice key, provided a graphic record of 
the time between each of the subjects’ verbal reactions and the 
movements of the memory drum. The lengths of the records 
on the chronograph were thus a measure of the time between the 
reactions of the subjects and the appearance of the next items in 
the learning series. A Dunlap Voice Key, shown in place in 
Figure 1, was used in conjunction with the chronograph. On 
approximately 1,000 reactions the whole recording set-up was 
checked against a chronoscope of known accuracy. For the 
range of intervals which included 90% of the time measurements 
secured in the investigation the maximum error recorded was 
less than 1% of the interval measured. 

Thirty university students acted as subjects in various parts 
of the investigation: 26 of these were undergraduates and four 
were graduate students. All were naive with respect to the pur- 
pose of the experiment, and none had had previous experience 
in experiments involving the memorizing of lists of nonsense 
syllables. The subjects were secured through the University 
Bureau of Appointments and were paid for their services. 

The general experimental procedure was to have subjects learn 
the series of nonsense syllables by the anticipation method until 
they had reached, for each series, a given degree of success in 
anticipating the syllables; then, a certain number of minutes 
later, to test this learning for retention, both in terms of direct 
recall and in terms of trials saved in relearning. In this manner 
retention was studied for the first 20 minutes after learning. 

The specific experimental procedures employed were similar 
to those of Luh (29). The 12-unit lists of nonsense syllables, 
made up as previously described, were learned in the standard 
way by the method of anticipation. Each syllable of a list was 
exposed in turn for two seconds in the aperture of the memory 
drum, there being an interval of six seconds between successive 
presentations of a list. At each list presentation the subjects 
were given as a warning a short buzzer signal which was auto- 
matically set off by the drum movement two seconds before the 
appearance of the first syllable of a list. At the same time there 
was exposed in the aperture of the drum a small geometrical 
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8 LEWIS B. WARD 


figure ®° which served both as a fixation point and as an added. 
warning signal. No doubt these warning signals became super- 
fluous after the first few learning periods during which the sub- 
jects were becoming oriented to the -experimental situation. 
Nevertheless, in order to keep conditions as nearly constant as 
possible, they were retained throughout the experiment. 

In their learning the subjects were required to spell out each 
syllable, letter by letter, instead of pronouncing it as a whole. 
This was their method in silent learning practice as well as in the 
vocal anticipation of the syllables learned. It was thought that 
the technique of spelling the syllables involved fewer ambiguities 
of pronunciation, both for the subjects in their responses and for 
the experimenter in his recording of their responses. Also this 
was the procedure followed by Luh. 

At the beginning of the first experimental session the subjects 
were given a sheet of typewritten instructions which included a 
description of the method to be used in learning and anticipating 
the individual syllables. The subjects were cautioned against 
using special systems in their learning. It was _ particularly 
emphasized that they should spend al/ the exposure period of each 
syllable studying that syllable or attempting to “ anticipate ”’ the 
syllable immediately to follow. They were also instructed not 
to think of the list items during the 6-second interval between 
successive presentations of the lists. The subjects were told in 
their instructions that beginning with the second presentation of 
a list they were to attempt to anticipate each syllable by spelling 
it out loud just before it was exposed. This was to be done for 
each successive presentation of a list after the first until the 
learning was stopped by the experimenter, regardless of whether 
the subject thought he had already learned the list or not. The 
latter instruction was considered necessary since the learning was 
sometimes carried beyond the point where the subjects success- 
fully anticipated all items of a list. Finally, the subjects were 
told not to ask any questions with regard to the aims of the 


6 The figure used was a sort of double O made by two %-inch circles hori- 
zontally tangent to each other. The nature of these warning signals may be 
seen in Figure 2 where they are shown at the heads of the lists in place on the 
memory: drum. 
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experiment. Those interested were promised an explanation 
after the experiment was finished. 

When a subject had read the instructions, he was asked if he 
understood what he was expected to do. If so, he was seated at 
the memory drum and the first learning session was begun. If 
the subject did not understand, he was asked to reread the instruc- 
tions. Questions remaining after rereading were answered by 
the experimenter as briefly as possible. During the first two 
experimental sessions it was sometimes necessary to interrupt a 
subject and correct his method of learning and anticipating the 
syllables. However, further instructions were never given after 
the third experimental session.‘ 

The question as to what instructions are to be given to subjects 
in an investigation such as this is not an easy one. ‘The justi- 
fication for the giving of formal instructions is of course the 
fact that when an individual is confronted with a problem situ- 
ation, some of his reactions to that situation are really “ self- 
instruction’’. The giving of specific formal instructions tends. 
to create a more uniform attack upon the problem situation. The 
proof of this should be found in comparatively greater con- 
sistency or uniformity of results with this instruction. Granted 
the advisability of instructing the subjects, there still remains the 
question of how much and what instructions to give. In some 
experiments it might be possible to determine in advance all 
experimental results simply by instructing the subjects to react 
accordingly. Hence in the present investigation the instructions 
to the subjects did not in any way refer to specific scores or data 
to be secured. 

In a systematic study of retention some sort of sampling of 
intervals is necessary in the interest of economy of time and 
energy. In this investigation, the intervals 14-minute, 2 minutes, 
5 minutes, 10 minutes, and 20 minutes were chosen, the 20- 
minute interval affording, it was hoped, a point of comparison 
between the results of the present investigation and those of 
Luh and others. This particular spacing of intervals was chosen 


7 No data were used from any learning session prior to the fifth, the first four 
sessions being regarded as practice sessions only. 
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10 LEWIS B. WARD 


on the basis of the fact that for all intervals previously studied, 
the shorter the time, the greater the rate of loss. It should be 
emphasized here that the intervals were given in each case in 
addition to the standard 6-second interval between trials. Thus 
the 14-minute interval was really one of 36 seconds, the 2-minute 
interval, one of 126 seconds, etc. At approximately six seconds 
before the end of the intervals to be tested the experimenter 
always gave a warning signal, saying, ““ Ready to continue learn- 
ing’. Then, as the buzzer sounded, the subject prepared to 
anticipate the first item of the list, and the learning was continued 
as before. The length of the intervals was timed by a %-second 
stop-watch. 

In addition to the retention tests given at the ends of the 
above intervals, tests with control series, on trials corresponding 
to the trials following the rest intervals in other series, were used 
to measure the actual amount of learning at that point. This 
meant that on the control series the learning was carried through 
without a rest pause, but as if an interval had occurred at the 
appropriate point in the learning. Scores recorded for these 
control series were similar to those secured on the other series 
after the various intervals. It was felt that these would afford 
the most accurate measure of the actual amount of learning at 
the point where the rest interval occurred in the test series. This 
is an extremely important point since the present procedure 
differs in this respect from that used in previous studies. The 
matter will be taken up again, and in more detail, in the discussion 
of the results.® 

An experimental session for a subject consisted in the learning 
of a list, a rest for a particular length of time after which reten- 
tion was to be tested, and finally a relearning of the list. The 
procedure on the control sessions was exactly the same except 
that no interval of rest, besides the standard 6-second trial-to- 
trial interval, was introduced when the subject had attained the 
given criterion of learning. The learning was simply continued 
just as if there had been an interval of rest at that point. In all 
learning sessions of the investigation the subjects never knew in 


8 See III. Retention as Related to Length of Rest Interval. 
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advance (1) whether they were to have any rest interval at all, 
or (2) when they were told to rest, how long this rest was to be. 

The subjects learned but one list a day, and the successive 
learning sessions of each occurred at approximately the same time 
from day to day.® Since it was found impossible for them to 
complete all their experimental sessions on consecutive days, five 
days a week were in general all that were secured from any one 
subject. Each session being a compléte unit in terms of the 
experiment, it was thought that this irregularity of sessions was 
not of very vital importance. 

The term “rest’’ has been arbitrarily used to represent the 
activity engaged in during the interval between the original 
learning and the relearning retention tests. The subjects were 
instructed to read during these periods, although the interval of 
reading was called a “rest”’ period by both experimenter and 
subjects. The reading was of a light, disconnected type from 
popular humorous magazines such as the “ New Yorker”, 
“Judge”, “ Punch’, etc. No definite reading task was given 
the subjects in these rest periods; superficial observation by the 
experimenter indicated that they spent most of their time read- 
ing and looking at the illustrations in the magazines. In their 
instructions the subjects had been given very specific orders 
against practicing or rehearsing the learning material during the 
rest periods. Under these conditions it seems doubtful if con- 
scious practice took place to any great degree. The results of a 
special control experiment confirm this belief. A complete treat- 
ment of this point will be found in the discussion of this control 
experiment.’° 

In all investigations of memory phenomena it is very important 
to take account of the effects of practice. In the present investi- 
gation a counterbalanced order of occurrence of experimental 
conditions was used to control this factor. Since each subject 
was to be given two different retention tests after each of the 


® Due to unforeseen complications one session for each of three subjects and 
two for still another had to be taken at a changed hour of the day. Still another 
subject came alternately at times an hour and a half apart. 

10 See VI. Supplementary Experimental Controls. 
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intervals chosen for study, the order of testing after the various 
intervals was in the second half of the experimental sessions the 
reverse of what it was in the first half. To further control this 
factor, the order of occurrence of tests after the various intervals 
was different for each pair of subjects used. This also provided 
a partial control for any fortuitous juxtaposition of test intervals 
on successive learning sessions. 

To secure some measure of the absolute magnitude of the 
changes in learning time, etc., due to practice, all subjects learned 
the individual lists in the same order. It was thus possible to 
plot the graph of the effect of practice in terms of the trials taken 
to learn 16 successive lists. For a counterbalanced practice 
order to be an effective control it is necessary to assume a linear 
relationship between amount of practice on the one hand, and 
learning and retention scores on the other hand. Typical prac- 
tice curves as a whole are of course not linear, but negatively 
accelerated. However, they approach linearity in their flatter 
portions after considerable practice. Hence in the present 
investigation four practice learning sessions were given prior to 
the experimental series. It was hoped that after learning four 
different lists the subjects would have passed beyond the point 
of marked practice changes on successive learning sessions. How 
well this expectation was fulfilled may be seen in Figures 3 and 4 
where are shown the practice curves for the first 16 lists learned 
in the main parts of the experiment. Figure 3 represents the 
scores of 12 subjects who in Part I of the investigation learned 
each of the 16 lists through the first trial on which they correctly 
anticipated all items; Figure 4 shows the number of trials neces- 
sary to reach a criterion of 7 out of 12 correct anticipations on 
each of these same lists. The dotted line graph represents the 
scores of 12 subjects from Part II of the experiment, where the 
learning was carried only to a criterion of 7 correct items on a 
single trial. The solid line graph represents similar scores for 
the 12 subjects in Part I who continued the learning to com- 
pletion and whose scores for complete learning are given in 
Figure 3. 

It is apparent from Figures 3 and 4 that even with the elimi- 
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Successive Lists in Order of Learning 
Ficure 3. Practice changes in trials taken to learn each of the 16 lists in 
order in Part I of the investigation. The learning was carried through the 
first trial on which every syllable was correctly anticipated. The 12 subjects 
learned the individual lists in the same order. 


—— Part I (12 Subjects) 
----- Part II (12 Subjects) 


Average Number of Trials 
Taken to Learn to Criterion 


Successive Lists in Order of Learning 
Ficure 4. Practice changes in trials taken to learn 16 lists to the point 


where 7 of the 12 syllables were correctly given on a single trial. All subjects 
learned the individual lists in the same order. 
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nation of the first four sessions as preliminary practice, there 
was a rather marked improvement during the course of the 
experimental sessions. This is especially noticeable when the 
learning was carried to completion. Thus in Figure 3 the differ- 
ence between the average trials taken to learn list 5, the first list 
used in the experimental data, and the score on the list most 
rapidly learned is of the order of 10 trials. Nevertheless, in 
spite of this large difference in average trials taken to learn the 
different lists, it is thought that the counterbalanced practice order 
and the change in presentation order of the intervals from pair 
to pair of subjects was a sufficient control of possible errors due 
to practice changes. 

With all of the subjects learning the 16 lists in the same order, 
and with the order of testing of the various intervals different 
for each pair of subjects, each list was used an equal number of 
times at each of the intervals tested. Thus there was an adequate 
control of possible errors due to list-to-list variability. Some 
indication of the magnitude of the differences between the lists 
in ease of learning can be seen from the graphs of the effect of 
practice. The distances by which the irregularities of the graphs 
in Figures 3 and 4 differ from perfectly smooth functions may 
presumably be attributed in part to chance factors, and in part 
to real differences in list difficulty. 

Throughout the investigation complete trial by trial records 
were taken of the actual responses of the subjects. A response 
to be considered correct had first of all to include, correctly and 
in their proper order, the three letters of the syllable about to be 
exposed. Furthermore, if, as often happened, any part of the 
syllable was given after that syllable had appeared in the aperture 
of the memory drum, the response was marked a failure to 
anticipate. This has been the standard procedure in learning 
experiments using the method of anticipation. In the previous 
studies recording these responses has involved a judgment on the 
part of the experimenter as to whether or not the response 
actually preceded the drum movement. Obviously this aspect of 
the recording was open to judgment errors. This probably is 
not a very serious difficulty since the conditions of judgment may 
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be thought to remain relatively constant throughout a given 
experiment. Then also, the probabilities are that the judgment 
errors of the experimenter tend to cancel out with a large number 
of syllable presentations. Previous investigators evidently con- 
sidered this factor of little importance for it is scarcely mentioned 
in the literature on learning. 

While there may have been the possibility of error in previous 
work of this sort, in Part I of the present investigation this factor 
was well controlled. Records were secured of the time of antici- 
pation of each response with respect to an arbitrary zero point 
within the period of syllable presentation. The term “ arbi- 
trary’ is here used to emphasize the fact that while one may, in 
the time continuum of a syllable presentation, define in precise 
physical terms the point from which one measures the time of 
anticipation, the subject is responding and judging for himself 
the correctness of the anticipation in terms of whether or not in 
his own perception of the situation this response occurred before 
the appearance of the item itself. And the subject thus times his 
responses on the basis of a judgment which may, and undoubtedly 
does, differ from subject to subject. Thus any fixed zero point 
from which one determines the time of anticipation of a response 
is in a sense arbitrary. The zero or reference point used in the 
present investigation coincided with the cessation of the drum 
movement as a syllable was presented in the drum aperture. 

Three different measures of retention were available in the 
records secured from each subject. Retention was measured, 
first of all, by direct recall or the number of items correctly 
anticipated on the trial immediately following the interval tested 
for retention. A second measure of retention was secured from 
the time records of the individual anticipations. The length of 
time by which items correctly given in anticipation preceded the 
appearance of the same items on the memory drum was found to 
be a good measure of retention—the greater the time of antici- 
pation, the greater the amount of retention. 

Finally, retention was measured by the difference between the 
number of trials taken to learn the lists originally and the number 
of trials taken, following the interval, to relearn them to an equal 
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degree of success. It should be mentioned in this connection 
that the final or criterion trial was never included in making 
calculations of these scores. This measure is, of course, the 
so-called “ savings score ”. 

Two degrees of learning were studied in the course of the 
investigation. In Part I the learning was carried through the 
first trial on which every item was correctly anticipated. Since 
this was the criterion of mastery used by Ebbinghaus (9) and 
Luh (29), the data from Part I are considered separately in the 
next section. In Part II of the experiment the learning was 
carried only through the first trial on which 7 of the 12 list items 
were correctly anticipated. The data from Part II are discussed 
in a later section of the report. 


III]. RETENTION AS RELATED TO LENGTH OF REstT INTERVAL 


Graphic representations of the relation between amount of 
retention and the passage of short intervals of time are given in 
Figure 5 for Part I of the investigation where the learning was 
carried through the first trial on which all items were correctly 
anticipated. Graphs, A, B, and C of the figure represent the 
three different measures of retention used. Considered as a 
whole, the data reveal the very striking phenomenon of an 
increase in retention with lapse of time. They indicate that the 
curve of retention for serial nonsense learning has a rapid initial 
rise from the point at which practice ceases, and that following 
this rise, at intervals of 10 minutes or more, there is the typical 
falling off of retention, or what is usually called forgetting. 

Plotting for the various intervals the average number of cor- 
rect anticipations on the first trial following the rest interval 
gives a retention curve in terms of direct recall. Graph A is 
such a curve based on the data from Part I of this investigation. 
Time in minutes is shown on the horizontal axis and amount of 
retention on the vertical axis. Graph B represents the average 
time of anticipation in seconds for the items correctly given in 
recall. Again time in minutes is represented on the horizontal 
axis and amount of retention in terms of the length of time of 
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» 
A Retention in Terms of Anticipatory Recall 
os: 
Qo 
oA 
2 /o 20 
Length of Interval in Minutes 
1s B - Retention in Terms of Anticipation Times 
ion of Items Given in Recall 
Bate 
Length of Interval in \inutes 
— C = Retention in Terms of Trials Saved in 
Relearning 
© 
2 10 20 


Length of Interval in Minutes 


Figure 5. Average amounts retained after intervals varying from 6 
seconds to 20 minutes in length. 

A. Average number of correct anticipations given in recall on the first trial 
following the various rest intervals. 

B. Average time of anticipation for items correctly given in recall under A. 

C. Average number of trials saved in relearning, calculated by subtracting 
the number of trials taken to relearn from the number taken in the original 
learning of the respective lists. 


anticipation on the vertical axis. There is a very convincing 
similarity between the two graphs in their general shape and 
form. 

The third measure of the amount retained after the various 
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intervals is the average number of trials saved in relearning the 
lists to a criterion of success identical with that reached in the 
original practice. Graph C is the curve of retention based upon 
this measure. In computing the number of trials saved, the 
trials taken to relearn up to, but not including, the criterion trial 
were subtracted from the number of original learning trials, also 
exclusive of the criterion trial. The differences thus secured 
represent the amounts retained in terms of “savings scores”. 
Graph C shows to an even more marked degree than Graphs A 
and B the reminiscence found at the %4, 2, and 5-minute 
intervals. 


TABLE 1 


RETENTION IN TERMS OF THE AVERAGE RECALL, TIME OF ANTICIPATION, AND 
SAVINGS SCORES 


Average No. Average Average No. 

Lengthof  ofsyllables P.E. time of PE. trials saved P.E. 
interval recalled av. anticipation av. inrelearning av. 
Control 

(6 sec.) 9.75 0.2 1.06” 0.03 14.6 0.8 
30 sec. 10.38 0.2 Li 0.03 16.6 0.8 

2 min. 10.42 0.2 1.9" 0.02 17.2 0.8 

5 min. 10.04 0.2 1.10” 0.02 16.1 1.0 
10 min. 8.79 0.3 0.97” 0.03 13.4 0.9 
20 min. 7.71 0.2 0.92” 0.04 12.6 0.8. 


Each average represents a total of 24 scores, two from each of 12 subjects. 


In Table 1 are given the averages upon which the graphs in 
Figure 5 are based, together with the P.E.’s of those averages. 
Each average contains the scores of 12 subjects on each of two 
lists. Inspection of the P.E.’s given in Table 1 shows that the 
differences between the various averages for the different inter- 
vals are for the most part statistically unreliable. However, 
more careful analysis of the raw data indicated a degree of relia- 
bility not apparent in the figures in Table 1. Comparing the 
retention at the control interval with that at 2 minutes, it is clear 
from the table that the subjects recalled, on the average, 0.7 more 
syllables at the 2-minute interval, with the mean time of antici- 
pation of the recalled syllables 90 milliseconds longer, and that 
an average of 2.6 more trials were saved in relearning after this 
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interval than was the case at the control interval. None of these 


differences between the two intervals is statistically reliable in 
terms of critical ratios calculated from the P.E.’s shown in 
Table 1. But if the correlation between an individual’s scores at 
the two intervals is taken into account in calculating the critical 


ratios, the latter are then found to be 3.1, 3.4, and 4.6, respec- 


tively, for the recall, time of anticipation, and savings scores. 
These figures represent the averages of the individual observed 


differences divided by their P.E.’s. Of these three measuers of 


retention, at least the savings scores, with a critical ratio greater 
than 4.0, may be said to show beyond doubt that under these 
experimental conditions retention increases during the first few 
minutes after learning. The recall and time of anticipation 
scores, of course, also support this conclusion. 

Presentation of these data immediately brings up a matter of 
great importance, both from the systematic point of view and 
from that of a comparison of these results with those of previous 


studies. And therein lies the justification of what is the chief 


methodological difference between this and previous studies. It 


is fundamentally the problem of what measure to use to designate. 


or determine degree of learning. Ever since the classical work 
of Ebbinghaus (9) students working on problems involving the 
learning of rote series have made use of one of two methods in 
determining the extent to which materials are learned. In gen- 
eral, either the total amount of time spent in learning can be 
fixed, or else the degree of success in the learned activity can be 
set at a certain level. Now it is clear, first of all, that no problem 
which involves changes in functional relationships with degree of 
learning can be directly studied by the former method. For sub- 
jects differ widely in their rates of learning ; and thus, when total 
time—or its correlate, number of trials—is fixed, observed aver- 
age differences between groups of subjects are a composite result 
of the various relationships between many degrees of mastery and 
the specific experimental conditions being investigated. 


In order to study problems where it is necessary to hold con-. 


stant the degree of learning as well as other factors, Ebbinghaus 


invented the “‘ method of complete mastery”. This, in conjunc- 
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tion with the method of anticipation, has been used in many of 
the systematic studies of retention. Although some may have 
so assumed, probably few really believed that the method of com- 
plete mastery was an absolute control of degree of learning. In 
most of the practical experimental situations it worked fairly 
successfully. However, whatever the real beliefs of the experi- 
menters, the method was used in their studies of retention as if it 
really were an absolute and rigorous measure of the degree of 
learning. For, in the literature, retention has been almost uni- 
versally expressed as a percentage based on the score made on a 
trial or test after an interval divided by the score made on the 
last learning trial or on a test at the end of the learning practice. 

It is here contended that the score on the last learning trial is 
not a real measure of the degree of learning, where by “ degree 
of learning”’ one means the ability of the subjects immediately 
to reproduce certain associations. In this sense the score made 
on the last learning trial is only a measure of the degree of 
learning at the end of the previous trial and after a time interval 
equal to the length of rest (if any) between trials. The experi- 
menter is here faced with a dilemma only indirectly soluble. If 
he secures a measure of the degree of learning in terms of the 
immediate successful reproduction of the learned material, the 
very process of reproducing the material changes what was being 
measured. Any changes in score from one trial to the next 
include not only the changes due to time factors, but also changes 
due to the practice received during the former trial. Fortunately 
there seems to be an easy, though indirect, solution to the dilemma 
in the present case. That solution is the inclusion, in the experi- 
mental series of all investigations of this sort, of a control con- 
dition in which immediate recall scores are secured under condi- 
tions comparable in every way possible to those under which 
retention is tested after a time interval. 

The problem and its solution would have been much more 
obvious had more of the previous studies used degrees of learning 
other than mastery. Luh (29)" mentioned the difficulty, but he 


11 Op. cit. page 49. See also, in the present report, IV. Degree of Learning 
and Retention. 
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evidently did not see its significance for the method of complete 
mastery. The tendency has been to regard mastery of lists of 
nonsense syllables or words as a sort of “all-or-none”’ thing. 
Similarly, many other well-established experimental procedures 
and controls probably need to be reéxamined in the light of the 
accumulating evidence of both the continuity ** and the varia- 
bility ** of the learning process up to and beyond the threshold 
of recall. 

That the criterion trial score is not an adequate measure of the 
ability of the subjects to reproduce the material on the following 
trial is clearly shown in the data in Table 1. For, on the control 
series there was found an average of only 9.8 correct anticipa- 
tions on the trial following the criterion trial with its correct 
anticipations for all 12 items. The drop from 12 to 9.8 correct 
anticipations represents a loss of 2.2 items, or 18%. And this 
loss following the criterion trial is highly reliable statistically, 
being more than 10 times its P.E. That learning is not complete 
on the criterion trial is further indicated by the fact that it takes 
on the average about 3 trials to again attain a perfect trial. Thus 
percentage retention scores which are based either upon recall 
scores or upon number of trials saved in relearning are signifi- 
cantly in error if they do not take into account the incompleteness 
of the learning at so-called “ complete mastery ”’. 

To those familiar only with learning curves drawn from aver- 
ages based on large numbers of cases and not acquainted with 
the type of trial-by-trial data secured in these investigations, the 
large loss after a criterion trial may seem surprising. The situ- 
ation becomes much more clear when a typical trial-by-trial 
learning record is examined. Such a record from-one subject 
is shown in Figure 6, where the number of correct anticipations 
is plotted for successive learning trials. It is easily seen from 
the figure that the score attained varied greatly from trial to trial, 

12 For an excellent discussion of the “continuity ”~of the learning processes 


the reader is referred to Dodge (7). The work of Simley (47) is also in point 
here. 

18 Very little has been written about the trial-by-trial variability of learning 
as measured by the method of anticipation. Hull (18,19), however, has dis- 
cussed fluctuations of individual items about the threshold of recall. 
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sometimes increasing and sometimes decreasing. It follows: 
directly from this fact that if we arbitrarily select the first trial 
in which this subject achieved a given score, we are forced to 
pick as a criterion trial one which was a “ peak”’, or of more 
than average success for that general level of achievement. And 
it also follows that on the trial thereafter there would probably 
be a loss in success, or a lower score. The horizontal dotted 
lines in Figure 6 have been drawn to represent the choosing of 
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Successive Learning Trial: 


Figure 6. Trial-by-trial learning record for one subject. The height of 
each vertical bar indicates the number of correct anticipations given on that 
particular trial. Various criteria, or levels, of mastery are represented by 
horizontal dotted lines whose arrowheads point respectively to the specific 
trial which would be the criterion trial for the given level of mastery. 


various criteria of mastery. The arrowheads on these lines 
touch in each case the trial which would be the criterion trial with 
that choice of criterion. It will be seen that the majority of 
criterion trials in this typical learning series are followed by trials 
of considerably decreased success. This is, of course, exactly 
what has happened in almost all studies using the method of 
‘complete mastery’. Therefore, it is suggested that the curves 
of percentage retention for rote learning need to be recalculated 
throughout, based upon a more adequate measure of the degree 
of learning whose retention is being tested. 
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To make comparisons between various degrees of mastery, 
different lengths and types of materials, etc., it has been cus- 
tomary to express retention as a percehtage of the amount 
learned. In order to escape the errors due to the inadequacy of 
the criterion trial scores as measures of degree of mastery, scores 
at the control interval have been used in the present investigation 
as the bases from which to calculate per cent retained. For each 
of the intervals tested the percentages retained in terms of the 
three different measures of retention used are given in Table 2. 


TABLE 
RETENTION AS A PERCENTAGE OF THE SCORE ON THE CONTROL TESTS 


Per Cent Retained in Terms of 
A. 


Length Average No. 
of Average Average time trials saved 

interval recall scores of anticipation in relearning 

Control 

(6 sec.) 100.0% 100.0% 100.0% 

30 sec. 106.5% 108.4% 113.7% 

2 min. 106.9% 108.4% 117.9% 

5 min. 103.0% 103.8% 110.1% 

10 min. 90.2% 91.5% 91.7% 

20 min. 79.1% 86.8% 86.3% 


‘These figures represent the percentages the scores after the rest 
intervals are of the scores at the control interval. Expressing 
retention in terms of these percentage scores does not, of course, 
alter in any way the relationship between amount of retention 
and the interval tested. The data in Table 2 indicate that, of 
_ the three measures, the savings scores show relatively the most 
marked degree of reminiscence and relatively the largest amount 
of retention at all intervals except the 20-minute one. The recall 
and time of anticipation measures, however, are nearly alike in 
amount of reminiscence shown; and it is probable that the high 
percentage retained at 20 minutes in terms of time of anticipation 
is influenced by some limiting factors tending to produce a mini- 
mum time of anticipation below which no correct anticipation 
can appear. Such a possibility brings out clearly the fact that 
comparisons between the percentages found must be made very 
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cautiously, if at all. For, unless the basic units upon which the 
percentages are calculated be equated in some way, such com- 
parisons may give a very distorted picture. 
i Since in the present experiment the effort was made to follow 
; carefully the procedure of Luh (29), it should be possible to 
compare the retention scores in his and the present studies. This 
can easily be done for the one interval tested in common—namely, 
20 minutes. Because Luh used the criterion trial score as his 
base for calculating per cent retained, the data from the present 
a study were recalculated in this manner. Comparison of the per- 


TABLE 3 
Per Cent RETAINED IN TERMS OF RECALL ScorEs IN THIS AND C. W. Lun’s STUDIES 
Intervals tested in the present Intervals tested by 
investigation C. W. Luh 
: Length of 6 30 2 5 10 20 20 1 4 1 2 
a interval sec. sec. min. min. min. min. min. hr. hrs. day days. 


Percentretained 100% 107% 107% 103% 90% 79% 83% 62% 48% 22% 12% 


Table 3 contains the combined data of the present investigation and that of C. W. Luh (29). 
A The results of these studies are shown to be in good agreement at the 20-minute interval 
tested in both. The percentages shown were secured by converting the average recall scores. 
from both investigations into percentages, using as base the average control score from the 
present investigation. 


~ centages from the two studies then shows a very satisfactory 
x | agreement. According to Luh, in terms of recall and relearning 
| scores, respectively 68% and'75% of the learned material was 
| retained at the end of 20 minutes. The same measures in the 
hes present study showed a retention of 63% and 75%. The close 
@ agreement between the two studies gives added weight to the 
: findings of both and serves as a check upon the validity of the 
experimental procedures used in the present study. 

In view of the s‘milarity of results at the one point in com- 
mon, there is some justification for considering as comparable 
the whole range of data from both investigations. While one 
must be cautious in drawing any conclusions on the basis of such 
comparability of data, some idea of what would have been in 
4; | Luh’s study the probable percentages of retention based upon the 
_ actual mastery of the learned material when learning was discon- 
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tinued may be secured by recalculating his percentages to the base 
of the control scores from the present investigation. The results 
of the two investigations can then be combined to show the rela- 
tion between amount of retention and the passage of time for 
intervals ranging in length from 30 seconds to 2 days. This is 
done in Table 3, where the data from the present investigation 
are presented both in relation to existing data and with reference 
to an extended time scale. 


IV. DEGREE OF LEARNING AND RETENTION 


There have been several studies of retention as a function of 
degree of learning (9, 26,29), the first outcome of these being 
the experimental verification of the common-sense fact that the 
greater the degree of learning, the greater the amount retained 
after any given interval. Ebbinghaus (9) noted in addition that 
beyond a certain point the effect on retention of given increases 
in number of trials spent in learning showed the phenomenon of 
diminishing returns in terms of trials saved in relearning a day 
later. However, up to that point there was, he thought, a con- 
stant relationship between amount of time spent in learning and 
amount retained after 24 hours. 

Included among the problems studied by Luh (29) was that of 
the effect upon retention of various degrees of original learning. 
In this part of Luh’s investigation the degree of learning was 
determined not by the method of complete mastery, but by the 
total number of list presentations given. Having found for each 
subject the average number of list presentations necessary for 
complete learning on comparable lists, he used this average num- 
ber as the standard for 100% learning. He then gave his sub- 
jects 33%, 67%, 100%, and 150% of this number of list presen- 
tations previously necessary for complete learning on comparable 
lists. Retention was tested after the various intervals only by 
the methods of recognition, reconstruction, and written repro- 
duction, omitting anticipatory recall and savings scores as meas- 
ures of retention. ‘The omission of the latter, of course, makes 
it impossible to compare Luh’s results on this point with those 
secured in the present investigation. 
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Luh found, as had Ebbinghaus, that while retention, as 
expressed in the percentage of total series items retained, 
increased with degree of learning, this increase in retention was 
negatively accelerated with respect to the increase in amount of 
time spent in learning. He pointed out in the discussion that if 
the data of Ebbinghaus were recalculated, taking into account 
factors previously overlooked, the phenomena of diminishing 
returns would be apparent throughout the Ebbinghaus data and 
would not be limited to learning above a certain level. Luh con- 
cluded that diminishing returns in retention with increases in 
time spent in learning is a general characteristic of both imme- 


diate and delayed recall. 


Interestingly enough, Luh evidently regarded percentage reten- 
tion as relatively unaffected by degree of learning. For he wrote: 


“Instead of giving the amount of retention for 33% learning as a percentage 


of the whole syllable series, one might argue that it should be stated as a 


percentage of the number of syllables actually learned. The last statement, 
however, amounts to saying that instead of 33% or 67% learning we should 
have had 100% learning. Doubtless we would then expect the resulting curve. 
to coincide with the ordinary retention curve for 100% learning.” 14(29, p. 49) 


Luh then went on to point out the difficulty of determining, 
particularly in the case of the 33% learning, the degree of mastery 
attained at the point at which the learning of the subjects was 
stopped. For the score on the last learning trial was at that level 


obviously inadequate as a measure of the amount learned. Hav- 


ing this insight into the problem, it is surprising that Luh didn’t 
go further and point out the inadequacy of the criterion trial 
score as) a measure of degree of learning at other levels of 
mastery. The same reasoning would certainly apply at the level 
of so-called complete mastery. Since this problem has been dis- 


cussed at some length in the previous section, it will not be gone 


into any further here. 

Krueger (26) made an extensive investigation of the effect 
upon retention of different degrees of overlearning when reten- 
tion was tested after intervals varying from 1 to 28 days in 
length. With lists of nouns and finger mazes as learned 


14 The italics are the writer’s. 
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materials he determined percentage retention after learning which 
was carried up to and also beyond the point of complete mastery. 
With the lists of nouns three degrees of learning were used: in 
one the learning was carried to complete mastery; in another the 
subjects were given half again as many trials as were necessary 
to achieve mastery on the particular lists being learned; and in 
a third condition the subjects were given twice as many trials as 
were necessary to achieve complete mastery. With the finger 
mazes the degree of learning was varied from that represented 
by complete mastery to 200% and 300% of the trials necessary 
for complete mastery of the given mazes. On the basis of the 
results from these studies Krueger concluded that (1) the higher 
degree of learning always has the higher average retention scores 
after any given interval; (2) the increase in time spent in learn- 
ing represented by the overlearning brings diminishing returns 
in terms of amount retained; and (3) there is no consistent 
relationship between length of interval tested and percentage 
increase in retention with a given increase in degree of learning. 

Because retention scores in previous studies have often been 
based upon the erroneous use of criterion trial scores as measures 
of degree of learning, there is need for further study of the rela- 
tion between amount retained and various degrees of learning. 
Hence the present investigation also included an attempt to study 
this problem. In Part I of the experiment, described in the 
previous section of this report, the learning was carried through 
the first trial on which all list items were correctly anticipated. 
In Part II, about to be reported, the learning was carried only 
through the first trial in which the subjects correctly anticipated 
7 or more of the 12 syllables in a list. The experimental con- 
ditions '* were the same for Part II as they were in Part I, 
except that the degree of learning was different. Also, measure- 
ments of time of anticipation were omitted in Part II. As in 
Part I, there was introduced a control condition with no rest 
interval following the criterion trial, thus providing again a 
measure of the degree, or amount, of learning whose retention 


15 For a more detailed description of the experimental conditions see 
Section II, Apparatus and Experimental Procedure. 
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was being tested after the various rest intervals. Twelve 
students, other than those used in Part I, acted as subjects in 
Part II. 

The data from Part II, where the learning was stopped before 
the achievement of complete mastery, are given in Table 4. In 


TABLE 4 
AMouUNTS RETAINED UNDER Two DEGREES OF LEARNING 
Part I Part II 
Length of Criterion—complete Criterion=7 correct 
interval mastery anticipations 
Recalled av. V. Recalled av. V. 
Control 
(6 sec.) 9.75 0.20 15 7.00 0.26 26 
30 sec. 10.38 0.20 14 7.54 0.20 20 
2 min. 10.42 0.18 12 7.50 0.20 20 
5 min. 10.04 0.20 14 7.33 0.22 22 
10 min. 8.79 0.26 21 5.92 0.21 26 
20 min. 7.71 0.24 22 4.75 0.20 30 
Av. Trials Av. Trials 
Savedin  P.E. Saved in P.E. 
Relearsing = av. V. Relearning av. V. 
Control 
(6 sec.) 14.6 0.8 40 5.8 0.5 38 
30 sec. 16.6 0.8 35 6.1 0.6 46 
2 min. 17.2 0.8 33 6.0 0.7 60 
5 min. 16.1 1.0 45 5.6 0.7 61 
10 min. 13.4 0.9 52 4.8 0.6 56 
20 min. 12.6 0.8: 46 4.0 0.8 100 


In this table are shown the average number of syllables recalled and the 
average number of trials saved in relearning after each of the intervals tested 
for retention. Each average is based on 24 scores, 2 from each of 12 subjects. 
In Part I the learning was carried through the first trial on which every item 
was correctly anticipated, while in Part II the learning was stopped after the 
first trial on which 7 out of the 12 syllables were correctly given in 
anticipation. 


the table are shown, for each of the intervals tested, the average 
recall scores and the average numbers of trials saved in relearn- 
ing. Similar data from Part I are presented for purposes of 
comparison. With each average is given its P.E. and its relative 
variability. The relative variability, or “ V”’, was calculated on 
the basis of the formula V=100 S.D./Mean. Each average in 


the table represents data from 12 subjects, each of whom learned 


| 
tiny 
j 
| 
| 
€ 
4 
| 
| 
f 
aa 
th 
ts 


REMINISCENCE AND ROTE LEARNING 29 


two lists at each interval tested for retention. The number of 
trials saved in relearning represents the difference between the 
number of trials taken to learn the lists to the criterion and the 
number of trials taken to relearn them to the same level of 
success. Criterion trials are nowhere included in the calculations 
of trials saved in relearning. 

In Figure 7 are given graphs of the percentage retained in 
Parts I and II of the investigation. These graphs are based on 
the data given in Table 4 and represent the percentages which the 
scores after the various other intervals are of the scores at the 
control interval. They are thus based on the actual effective 
mastery of the list items at the time learning was discontinued. 
Graph A represents retention in terms of recall scores, the solid 
_ line being the curve for per cent retained in Part I and the dotted 
line being the same for Part II. Graph B represents per cent 
retained in terms of ‘rials saved in relearning. Again the data 
from Part I are shown by a solid line and the data from Part II 
by the dotted line. Time in minutes is shown by the horizontal 
distance on the graphs and per cent retained by the vertical 
distance. 

The first and perhaps most important point to be noted from 
the above data is a confirmation, in the data from Part II, of the 
reminiscence and general type of retention curve found in Part I. 
Although the data from the two parts of the investigation are 
not directly comparable because of differences in time spent in 
learning, the fact that the scores from 12 more subjects seem to 
show approximately the same retention function gives added 
evidence of the existence of reminiscence with nonsense materials 
at time intervals after learning of 5 minutes or less. 

A second fact which may be noted is that the relative varia- 
bility of the data secured is greater for the lesser degree of learn- 
ing. This is to be expected from the work of Luh (29), 
Melton (35), and others, showing that the relative variability of 
retention scores is inversely related to the amount retained. Yet 
the interpretation to be put upon this fact is not entirely clear. 
The most probable factor in accounting for this is the fact of the 
inadequacy of the available measures of degree of learning and 
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pe, A - Percent Retained in Terms of Anticipatory Recall 
Part I Learned to complete 
mastery 
ig ~"~""~ Part II - Learned to 7 correct 
os. anticipations 
P - 
10 
: Length of Interval in Minutes - 
B - Percent Retained in Terms of Trials Saved in Relearning 
ut Part I = Learned to complete 
mastery 
’ 
ene Part II - Learned to 7 correct 
anticipations - 
eo 4 
qo 
as- 
1S; 
Re; 
2 S 410 20 


Length of Interval in Minutes 


Ficure 7. Per cent retained under two degrees of learning. The per- 
centages upon which the graphs in this figure are based have been calculated 
from Table 4 by expressing the average scores after the various rest intervals 
as proportions of the average score at the control interval. Graph A repre- 
sents per cent retention in terms of anticipatory recall scores, and Graph B 
represents per cent retention in terms of average number of trials saved in 
relearning. Each point on the graphs is based on data from 24 lists, 2 from 
each of 12 subjects. In Part I of the investigation the learning was carried 
through the first trial of complete success: and in Part II it was carried 
through the first trial on which 7 of the 12 syllables were correctly anticipated. 
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amount of retention. In terms of the standard method of 
anticipation the measures of degree of learning are all-or-none 
as far as each individual item is concerned; and this method can 
therefore give no information, except indirectly, about the func- 
tional availability of an item either above or below the threshold 
of recall. Thus one finds that at low levels of learning, where 
very few syllables appear above the threshold, the method of 
anticipation is inadequate since it refers to such a small sample 
of the total items being studied. At the other end of the scale 
of mastery, where all the items are above the threshold of recall, 
the method of anticipation gives no direct measure of the degrees 
to which different items are overlearned. The data from the 
present investigation are on the whole at rather medium levels of 
mastery ; and it is therefore not surprising that the variability of 
the data would decrease as the learning is increased toward full 
learning, the point where all items first appear above the threshold 
of recall. For the latter would presumably be the point at which 
the method of anticipation is most accurate in measuring degree 
of mastery. 

Another factor which might also bring about less variability 
with increased learning is the characteristic negative acceleration 
of most learning curves. Changes in scores from trial to trial 
may become less and less as the subjects appproach the flat por- 
tions of their learning curves. Thus a measure of degree of 
learning taken at a given instant might at the higher levels of 
learning better represent the general level of the subjects’ 
achievement, and the scores would presumably vary less from 
test to test than if the measures were taken earlier in the learning. 
This might explain the decrease in relative variability of learning 
and immediate recall scores with increasing degree of learning; 
but it could hardly explain relative variability changes in recall 
scores after various intervals of time unless the assumption be 
made that the process of forgetting involves a regression to points 
arrived at earlier in learning. Such an assumption might have 
a certain superficial confirmation in terms of the total scores after 
various intervals of forgetting, but it is one which might tend to 
obscure important facts if accepted uncritically. Furthermore, 
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analysis of the data on serial position in retention has giver 
evidence which is against this assumption.*® 

The graphs in Figure 7 give support to Luh’s (29) conclusion 
that retention measured by per cent of savings differs rather 
markedly from retention measured in recall scores. For, 
although in terms of recall scores the curves representing per cent 
retention are very *tmilar for Part I and Part II, the curves 
for the savings scores are rather different for the two parts of 
the investigation. Thus in terms of recall scores the lesser 
degree of learning in Part II gives relatively a little more reminis- 
cence than the greater learning in Part I; while in terms of the 
savings scores, the greater degree of learning of Part I shows 
relatively the more reminiscence. Different degrees of learning 
seem here to have affected rather differently the recall and savings 
scores. Of course, two degrees of learning as represented in 
Part I and Part II are insufficient to draw any conclusions as to 
factors important in causing this difference between the two 
measures of retention. 

At intervals of 10 niinutes or more, beyond the point where 
reminsicence occurs under the conditions of the present investi- 
gation, it is interesting that per cent retention, as measured both 
by recall and by savings scores, is directly related to degree of 
learning, the lesser degree of learning showing the lesser reten- 
tion. This is in direct opposition to Luh’s statement ™* that 
amount of retention expressed as a percentage of the amount 
actually learned would be expected to have a constant relation to 
length of interval tested, regardless of degree of original learning. 
And it is another illustration of the fact that percentage retention 
is related to many other factors besides amount learned at the 
time practice is discontinued. 

It is perhaps an elaboration of the obvious to point out that one 
would expect the amount of reminiscence in recall scores to be 
less with increasing degree of learning. For there is less oppor- 
tunity for reminiscence to take place when most of the list items 
are correctly given to begin with. As McGeoch (30) and others 


16 Cf. Jenkins and Dallenbach (22), and Hull (20). 
17 Vide supra. 
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have pointed out, reminiscence can only occur with partial learn- 
ing. However, the savings scores from the present investiga- 
tion, together with the measurements of time of anticipation, 
indicate that the above statement needs to be amended by the 
addition of some such words as “in terms of the method of 
measurement ”’, modifying the word, ‘ partial’. For the learn- 
ing process is essentially a continuous one, and any qualitative 
statement one may make as to its completeness or incompleteness 
at any given point is only in terms of some discontinuous method 
of measurement. In the opinion of the writer, it 1s probable that 
even if learning of this type were carried to the point where there 
was perfect retention in terms of recall scores at all intervals up 
to 10 minutes or more, the time of anticipation scores would still 
indicate the presence of reminiscence at intervals of 5 minutes 
or less. 

The question of the effect of degree of learning upon per cent 
retained seemed of sufficient theoretical importance to warrant 
further analysis in an attempt to bring out some of the factors 
involved. It is obvious upon examination of such data that 
average amounts retained are a composite of the retention scores 
of individual list items of many levels of success. It is also well 
known that serial position is one of the major conditions deter- 
mining relative success in learning different items in rote series. 
Therefore, in the following section the data from the present 
investigation will be examined for serial position phenomena. 
And the attempt will there be made to discover the relationships 
between serial position, degree of learning, and amount retained. 


V. SERIAL POSITION AND RETENTION 


Systematic analysis of the stimulating conditions most con- 
ducive to economical learning early uncovered certain general 
factors, or laws, upon which learning might be said to depend. 
And among the most important of these generalizations applying 
to serial learning were the laws of “ Primacy ’”’ and “ Recency ”. 
Experimental study of rote serial learning has consistently shown 
that serial position is in a very real way a determiner of the rela- 
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tive difficulty of learning items in different parts of a series. 
Studies such as those of Robinson and Brown (46), and 
Foucault (14) agree in finding that items at both the initial and 
final positions of rote series are earlier and more easily learned 
than items at the central positions. Although there have been 
several extensive studies of serial position phenomena in learning, 
studies of serial position in retention have been very few. 
Among the latter are those of Jenkins and Dallenbach (22), and 
Hull (20), which are very much in point here. 

These studies of serial position in retention brought out a fact 
which has a direct bearing upon the problem of what effect degree 
of learning has upon retention. They showed that although at 
most levels of learning marked serial position differences had 
been observed, these differences seemed to have disappeared by 
the time of the retention tests.** In other words, syllables at the 
rote series center, which weve harder to learn and presumably 
not as much overlearned as syllables at the rote series ends, were 
as well remembered as the latter. This is an extremely interest- 
ing finding and is quite the opposite of what would be expected. 

To illustrate specifically from the present investigation the 
course of development of successful anticipations at various 
positions in the rote series there are plotted in Figure 8 for 
Part I of the present investigation the average numbers of correct 
anticipations per subject per trial for each position in the rote 
series. This has been done for the 5 different levels of mastery 
represented by 3, 5, 7, 9, and 11 total correct anticipations in a 
single learning trial. Each of the 5 graphs in Figure 8 is labeled 
with the number of correct anticipations it represents. From the 
shapes of the curves, especially from their slopes in passing from 
the ends to the centers, it is clear that the relative disparities 
between the amounts of success at the various serial positions 
are greater at the lower degrees of mastery. The data of 
Foucault (14) and others on immediate memory also indicate 
that serial position values tend to show up immediately or very 
early in learning. Since it is difficult, if not impossible, to secure 


18 The data reported by Jenkins and Dallenbach (22) are somewhat incon- 
clusive on this point, being based on the records of but two subjects. 
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measures of learning and serial position with less learning than 
that measured in immediate memory, this marked difference 
between the center and ends of rote series seems to be one of the 
“given ’’ conditions in all rote serial learning. 

If, as has been maintained by many, relative retention is deter- 
mined in large part by degree of learning, there should logically 
be characteristic differences in retention between groups of 
syllables at rote series centers and syllables at the ends of rote 
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Ficure 8. Mean number of correct anticipations at each point in the rote 
series for 5 levels of mastery. The individual curves are each marked with 
the level of mastery represented. Curves are given for levels of mastery of 
3, 5, 7, 9, and 11 correct anticipations, respectively, in a single learning trial. 
The graphs are based on the data secured from 12 different lists learned by 
each of 12 subjects. 


series: ¢.g., between syllables numbered 6, 7, 8, and 9 and 
syllables 3, 4, 11, and 12 of a 12-unit list. Such differences in 
retention were not found by Hull (20) after intervals of 20 hours 
or longer. It remains to be seen whether such differences will 
appear in the present investigation where retention was tested 
after much shorter intervals of time. 

In order to make comparisons between syllables at rote series 
centers and those at other parts of rote series, it is sometimes 
advisable *® to omit the first one or two syllables as being intro- 


19 Cf. Hull (20), page 262. 
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ductory to the list and showing results which might be due 
primarily to other factors than operate elsewhere in the series. 
For this reason all such comparisons in this investigation are 
made between syllables 6, 7, 8, and 9,’ which were shown in 
Figure 8 to be the items last learned, and syllables 3, 4, 11, and 
12, which were the first items learned if one excludes syllables 1 
and 2. For these two groups of syllables—6, 7, 8, and 9 at the 
center of the series, and 3, 4, 11, and 12 at the ends of the 
series—Table 5 gives the average recall scores for Parts I and 
Il. The same data are shown graphically in Figure 9. Time in 


TABLE 5 


AVERAGE NUMBER OF CorrRECT ANTICIPATIONS GIVEN IN RECALL AT 
THE CENTER AND END SEcTIONS OF Rote SERIES 


Syllables 3—-4-11-12 Syllables 6-7-8-9 

interval Part I Part II Part I Part II 
Control 
(6 sec.) 3.58 3.13 2.75 0.88 
30 sec. 3.67 3.25 3.08 1.54 
2 min. 3.75 3.21 3.00 1.50 
5 min. 3.63 2.88 2.75 1.46 
10 min. 3.29 2.46 2.29 0.83 
20 min. 3.13 ey ae 1.88 0.46 


The figures in this table represent the average numbers of anticipations for 
the groups of four syllables as wholes; 7.¢., the highest attainable average is 
4.00, which would result if every subject correctly anticipated all syllables in 
one of the two syllable groupings. 

Each average is based on the data from 24 lists, two from each of 12 subjects. 


minutes is shown on the horizontal axis and number of correct 
anticipations per syllable-group in recall, on the vertical axis. 
The curves drawn with solid lines are based on the data secured 
in Part I, and those made with dotted lines, on the data from 
Part II. The syllable groupings referred to are in each case 
marked on the individual curves. 

When plotted graphically, as in Figure 9, the average retention 
curves for the four groups of syllables—items 6, 7, 8, and 9 from 
Part I, the same items from Part II, items 3, 4, 11, and 12 from 
Part I, and likewise these items from Part II—form a very inter- 
esting “ family of curves ’’, all exhibiting more or less reminis- 


cence in their initial stages. The data from both parts of the 
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investigation show that items 3, 4, 11, and 12 toward the ends 
of the series are better learned and better retained than items 6, 
7,8, and 9. This better retention of items 3, 4, 11, and 12 is in 
rather marked contrast to the findings of Hull (20), but the 
difference is probably due only to differences in time of testing 
retention. 


—— Part I = Learned to Complete Mastery 
scoce Part II - Learned to 7 Correct Anticipations 


oup 


Mean Number of anticipations per Syllable Gr 
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Ficure 9. Mean number of correct anticipations given in recall for 2 
groups of 4 syllables, one at the center and the other toward the ends of the 
rote series. The individual syllables of the syllable-group represented are in . 
each case marked on the appropriate graphs. In Part I the learning was 


carried to the point where all items were correctly anticipated on a single M3 
trial. In Part II it was carried only through the first trial on which 7 of the , 
12 syllables were correctly anticipated. Each point on the graph represents f 
the average score from 24 lists, 2 for each of 12 subjects. 7 


It is interesting to note that while the greater degree of learn- 
ing in each case produced the largest total retention score, the 
least learned of these groups of syllables showed the greatest 
amount of reminiscence. Whether this fact is of real signifi- 
cance or whether it is largely a matter of the greater opportunity 
of those items to show reminiscence cannot be satisfactorily i. 
decided with the evidence available here. When one calculates - 
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percentage retention scores for the data given in Table 5, some 
interesting relationships are brought out which may have a bear- 
ing upon this question. In Figure 10 are plotted the curves 
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Ficure 10. Per cent retention for groups of syllables at the center and 
ends of rote series. All percentage figures were calculated to the base of the 
mean score at the control interval. The syllable groups represented are in 
each case marked on the appropriate curve in the figure. In Part I the 
learning was carried to complete mastery; in Part II it was carried through 
the first trial on which 7 of the 12 items were correctly anticipated. 


representing per cent retained for each of the four groups of 
syllables under discussion. As in the previous sections of this 
report, the percentages retained were calculated to the base of the 
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immediate recall, or control interval scores. The curves drawn 
with solid lines are based on the data secured in Part I, those 
drawn with dotted lines, on the data from Part II. Each curve 
is labeled with the syllable group it represents. 

In Table 5 the immediate recall scores, or the averages for the 
control interval, indicated that in amount of original learning the 
four syllable groups were 3, 4, 11, and 12 of Part I; 3, 4, 11, 
and 12 of Part II; 6, 7, 8, and 9 of Part I; and 6, 7, 8, and 9 
of Part II, respectively, in order of decreasing level of success 
at the time learning was discontinued. It is very interesting then 
to find in Figure 10 that in terms of the relative amounts retained 
at the 14-minute interval the four groups are in exactly the 
reverse order. And further, that at 20 minutes, after reminis- 
cence has disappeared, the four groups have resumed an order 
in per cent retained which is the same as that based upon degree 
of learning as measured by immediate recall. 

These data, unfortunately, are not crucial for distinguishing 
between the effect, if any, of serial position itself and that of 
concomitant differences in degree of learning. Nevertheless, as 
far as they go, the results for the 20-minute interval agree with 
previous studies in showing that increases in degree of learning 
' bring increases in per cent retained. On the other hand, the 
results at the shorter intervals of 5 minutes or less indicate that 
relative retention and amount of reminiscence are inversely 
telated to degree of learning. 


VI. SUPPLEMENTARY EXPERIMENTAL CONTROLS 


One of the explanations of the occurrence of reminiscence with 
children after considerable intervals of time has been that the 
learned materials might have received practice or rehearsal during 
those intervals. This argument could almost as well be adduced 
with regard to the reminsicence found in the present study. 
There is almost no way, of course, of absolutely preventing 
rehearsal by a subject if he sufficiently so desires. As was 
described in the section on experimental procedures, the subjects 
in this investigation were cautioned against rehearsal during their 
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rest periods. And to make it easier not to think of the list items 
during the intervals they were encouraged to read material which 
was presumably interesting, though light in vein and frag- 
mentary. Further, one might point out that if a certain amount 
of rehearsal occurring, for example, within the 2-minute interval, 
is advantageous, then after a 5-minute interval, with more time 
available for rehearsal, there should be still greater reminiscence. 
This argument is not in any way conclusive, but it serves to point 
out that before they can be considered as valid, explanations of 
reminiscence in terms of rehearsal may have to make a good 
many additional assumptions. 

However, the question was of sufficient importance to warrant 
a specific experimental attack in Supplementary Experiment A, 
about to be described. The reasoning behind the experimental 
procedure decided upon is fairly obvious. If subjects can be 
given a relatively continuous mental task to perform during an 
interval, one would be only conservative in expecting that 
rehearsal will then be at a minimum and relatively less than 
during a free rest period. On the other hand, it is well known 
that engaging in certain activities immediately following learning 
is detrimental to retention. _The many studies of retroactive 
inhibition have shown this very clearly. Hence, some mental 
task was desired which would be expected to produce no appre- 
ciable retroactive effect upon the nonsense syllable learning used 
in the present experiment. The task finally decided upon was a 
color association test. 

The specific procedure in Supplementary Experiment A was as 
follows: Subjects were trained in practice sessions so that in 
2-minute intervals which were interpolated during the learning 
of nonsense syllable lists they were accustomed to responding as 
quickly as possible with the name of a color to the verbal stimulus 
of a color name read to them by the experimenter. The experi- 
menter read these from a type-written list of 250 items consisting 
of 50 different color names approximately equally distributed as 
to primary hue. At each different experimental session the list 
was read in a different order. The number of items presented 
at a session varied from subject to subject, since the speed of 
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presentation depended in part upon the speed of the subjects’ 


responses. In practice the experimenter was able to read at a 
single 2-minute session an average of between 75 and 100 color 
names. The two restrictions placed upon the subjects in their 
responses were that each association was to be a color name and 
that the color name was not to be repeated on the immediately 
following response. No records were taken of the actual 
responses given. 

Six subjects took part in this supplementary experiment. The 
learning conditions were comparable in every way to those in 
force in Part II of the investigation. Identical lists were used 
and the learning was carried to the same level of mastery—7 out 
of the 12 items given correctly on a single learning trial. In 
order properly to measure the effect of the interpolated task upon 
retention it was necessary as before to determine the actual func- 
tional level of the learning by the use of control scores from 
learning sessions with no interpolated interval after the criterion 
trial. Retention was tested at the end of a 2-minute interval 
filled in two ways: (a) with light reading or rest; and (b) with 
the interpolated task of color association. And the score after 
the control interval served as a measure of the degree of learning 
whose retention was being tested. The order of occurrence of 
the interpolated task, rest interval, and control test was counter- 
balanced for practice effects and other constant errors, each sub- 
ject learning two lists under each of the conditions mentioned. 
A complete description of the general experimental procedure is 
given in preceding sections of this report.”° 

The results of Supplementary Experiment A were extremely 
interesting and very consistent in spite of the small number of 
subjects used. When the score after the control interval is 
regarded as 100%, the per cent retained after 2 minutes of inter- 
polated rest was 104%. On the other hand, when the color 
association task filled the interpolated interval, 120% was 
retained. The average numbers of correct anticipations given 
after the control interval, after 2 minutes of rest, and after 2 


20For a detailed description see Section II. Experimental Procedure, and 
Section IV. Degree of Learning and Retention. 
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minutes of interpolated color association were 7.6, 7.9, and 9.0, 
respectively. The difference between the average number of 
correct anticipations after color association and that after rest 
alone is statistically reliable, being 4.6 times its probable error. 
The results are clear and consistent in showing an actually 
increased amount of reminiscence under conditions of color asso- 
ciation. One may conclude, then, that rehearsal of the items 
is not in any way an explanation of the reminiscence demon- 
strated in the present study. 

One of the points emphasized in a previous section was the 
great trial-to-trial variability in individual scores. This fact 
might be thought by some to be in a way an explanation of the 
reminiscence demonstrated here. For degree of learning was 
measured by what was called the “control score’’; that is, the 
score on the trial following a criterion trial on learning sessions 
in which there was no interpolated rest. Since there is ordinarily 
a decrement in score on the trial following a criterion trial, it 
might be thought that the reminiscence found after a short rest 
interval was merely less of a loss after the criterion trial. In 
other words, it might be thought that the inclusion of a rest 
interval brought about less trial-to-trial variability. 

It is possible that such an explanation might apply—not that 
the facts which have been brought out in the experimental results 
would be any less important therefore. There would still have 
to be an explanation of the tendency toward less criterion-to-next- 
trial loss after the intervals of rest. It was decided to check this 
explanation by means of a second supplementary or control 
experiment to be described below. The procedure in Supple- 
mentary Control Experiment B differed from that in Part II of 
the main investigation chiefly in the substitution of a fixed time 
to be spent in learning for the fixed level of achievement repre- 
sented by the criterion trial. Also, retention was tested only after 
a 2-minute interval and on control series in which there was no 
interpolated interval of rest. It was hoped that by eliminating 
the criterion trial and giving the subjects a fixed number of 
learning trials that the interpolated rest would occur after trials 
of especially poor success as well as after trials of particularly 
high success for that general level of learning. The latter was 
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always the case, of course, in the main part of the investigation, 
where the degree of learning was determined—but not meas- 
ured—by the criterion trial. 

As was mentioned above, the specific experimental conditions 
were in general similar to those of Part II. The 6 subjects used 
in Supplementary Experiment A already described were also used 
as subjects here. Since they had learned 10 lists in the previous 
experiment to a criterion of 7 correct anticipations out of the 
i2 items, it was possible to determine for their last 6 learning 
sessions the average number of trials necessary to achieve that 
level of mastery. This average number of trials was then used 
to control the degree of learning in Supplementary Experiment B. 
After being given the pre-determined number of learning trials 
a subject either was given a 2-minute rest period or was tested on 
a control series without the interpolated rest. Four different 
lists were learned under each of the two conditions, with the 
order of occurrence of the conditions counterbalanced for practice 
effects and other constant errors. 

The results of this second control experiment serve to validate 
still further the finding of reminiscence with rote nonsense learn- 
ing. There were, on the average, 0.5 more anticipations per list 
per subject after 2 minutes of interpolated rest than there were 
on the last learning trial. On the control series, when there was 
no interpolated rest, the corresponding change was a 0.1 syllable 
loss. As compared with the control scores, the scores after the 
2-minute interval of rest showed a percentage retention of 111%. 
The fact that on the control series the score on the trial following 
the given number of learning trials showed a decrease of 0.1 
anticipations per subject per list shows that by chance the learning 
must have been stopped on a trial of especially high success on 
slightly more than half the sessions. This average loss, however, 
is much less than that occurring in Part II of the investigation,” 
where the learning was stopped in every case after a criterion 


21 The average scores on the criterion and first following trials on the control 
series of Part II were 7.5 and 7.0, respectively, showing an average criterion- 
to-next-trial loss of 0.5 syllables. Because by definition the criterion trial was 
the first trial on which 7 or more items were correctly anticipated, the actual 
average score on that trial was slightly more than 7.0. The average control 
score for the trial following the criterion trial just happened to be exactly 7.0, 
and may be somewhat misleading unless these points are kept in mind. 
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trial. And the results of Supplementary Experiment B indicate 
that the reminiscence found, though it may be a related phe- 
nomenon, is relatively independent of the point of testing with 
reference to the variable trial-by-trial learning scores. 


VII. Discussion 


Although enough, and perhaps too much, has already been 
written on the use of the nonsense syllable as a tool in psycho- 
logical experimentation, such sweeping criticisms have recently 
appeared of its use under any conditions that some sort of answer 
to a few of these will not be inappropriate at this point. 

The use of the nonsense syllable in the study of learning and 
retention began with the classical work of Ebbinghaus (9). He 
reasoned that in order to measure the formation and breaking 
down of associations, relatively homogeneous and unassociated 
material would be needed to begin with. The nonsense syllable, 
he felt, filled this need very well. Groups or lists of these he 
supposed to be more homogeneous than lists of words in that in 
the experience of the ordinary individual they have not figured as 
symbols in so many unknown degrees of association, in language 
habits and the like. In keeping with this viewpoint Ebbinghaus 
and his followers tried to arrange the experimental technique so 
as to eliminate as far as possible any associative tendencies which 
might occur even with this meaningless material. Whether this 
was their explicit aim or not, it seems to have been implicit in 
their careful experimental controls. 

Of course the use of such experimental methods did not lack 
for criticism. It was quite obvious to anyone who learned a list 
of nonsense syllables that they are by no means without the tend- 
ency to arouse associations. And no doubt many a critic has 
been made among those who have been asked to tax their wits 
with the learning cf lists and lists of these uninteresting items. 
It is naturally impossible to take account of all the criticisms that 
have been made. Only those of Bartlett (2) and English (10) 
will here be discussed in detail. 

The criticisms of Bartlett (2) strike right at the foundations 
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of many of the studies of learning and memory. In the first 
place, Bartlett points out the obvious fact that nonsense syllables 
are not devoid of associations. Psychologists, he says, 


“know perfectly well that lists of nonsense syllables set up a mass of associ- 
ations which may 22 be very much more odd, and may vary more from person 
to person, than those aroused by common language with its conventional 
meaning.” 23 

He then goes on to point out that the habits of repetition and 
recitation set up are “unnatural ’’, so that generalizations from 
these experiments are really significant only for the experimental 
situations which gave rise to them. And finally he maintains that 
in making the explanations of the variety of recall responses 
depend chiefly upon stimulus variations such as frequency, order, 
and mode of presentation, psychologists are overlooking equally 
important conditions of response in subjective attitudes and 
“predetermined reaction tendencies ”’. 

In answer to these criticisms certain points may here be men- 
tioned. To begin with, Bartlett’s first criticism is not very telling 
when taken in conjunction with his other arguments. For, if 
subjective attitude is an inseparable and important factor in learn- 
ing, why should the use of nonsense syllables as learning materials 
be criticized because they also are affected by subjective attitudes 
in the form of meanings? And in the light of the studies of 
Glaze (15), Witmer (54), and others, it is very doubtful if the 
associations from nonsense syllables truly are ‘ very much more 
odd”’, or that they “ vary more from person to person” than 
those aroused by ordinary language materials. Here, as else- 
where, the proof of the pudding is in the eating; and the fact 
that for nonsense syllables in lists McGeoch (32) has demon- 
strated a direct relationship between association value and learn- 
ing and memory scores is evidence of the usefulness of this type 
of analysis in studying the factors which are important in rote 
learning. 

The second criticism of Bartlett is much harder to meet. It 
is fundamentally the question as to whether or not rote learning 


22 The italics are the writer’s. 
23 Op. cit., page 3. 
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is an important phenomenon in ordinary life outside the labora- 
tory. This, perhaps, is chiefly a matter of opinion and definition. 
In recent years the tendency among educators everywhere has 
been to emphasize what they think are other types of learning and 
to belittle or ignore rote ‘earning. Yet, experimental analysis 
has by no means exhausted the possibilities of demonstrating 
more efficient techniques in rote learning. Critics who decry the 
study of rote learning should remember that in the final analysis 
proof of any fundamental distinctions between so-called “ dit- 
ferent types ”’ of learning will require some knowledge which can 
be secured only from study of the factors affecting rote learning 
itself. And this fact alone would probably justify all the time 
and effort which has been expended in its study. Drawing an 
analogy from the science of chemistry, one might well say that 
situations which Bartlett calls ‘“‘ unnatural’’ are really no more 
unnatural than is the use of pure “ heavy” water, for example, 
in chemical experiments. 

The criticism that psychologists have tended, in their explana- 
tions of results from learning experiments, to ignore subjective 
factors and “ predetermined reaction tendencies ” has some justi- 
fication. However, all investigators of memory phenomena must 
have been well aware of such factors. Their preoccupation with 
the external stimulating conditions may perhaps be regarded as 
in part a prelude to an attempt to evaluate and describe the impor- 
tant subjective determiners of behavior. If one regards this 
point of Bartlett’s as not so much a criticism of other work on 
learning and memory as a plea for greater stuly of these sub- 
jective factors, one can heartily agree with him. 

Similar arguments apply to a large extent to the criticisms of 
English (10). He feels that there is an implication in the work 
of Ebbinghaus that learning is to be regarded chiefly as the link- 
ing together of discrete units. Hence relatively meaningless 
units, the nonsense syllables, were chosen as the ideal experimental 
material. Also, English criticizes the “check” experiments 
which were performed with meaningful material because their 
pattern was that of serial learning and the technique similar to 
that used with nonsense syllable learning. In other words, the 
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meaningful materials were treated as if they were meaningless. 
However, English admits that any learning which is largely a 
matter of the linkage of relatively neutral items probably takes 
place according to the laws governing the learning of nonsense 
syllables. But he believes that learning ordinarily is neither 
chiefly nor primarily of this type. He regards the enormously 
greater efficiency of “logical memory”’*as one of the mos: 
important facts in the field of learning. 

One can hardly disagree with most of these points. Neverthe- 
less, although the emphasis upon aspects of learning other than 
rote learning is valuable, this should not be construed as denying 
the importance of the latter. On the positive side English pre- 
sents a very interesting hypothesis as to certain distinct types of 
learning. This is 
“the hypothesis that in learning, alongside the processes of linking neutral 
item to item, we must put—as an essential factor and not as an accidental 


concomitant—the process (or processes) involved in apprehending the signifi- 
cance of what is to be learned.” 24 


It is the latter aspect of learning which he regards as the most 
important for everyday life and which he thinks has been rela- 
tively overlooked in the experimental attacks upon learning and 
memory problems. 

Whether or not such a dichotomy of learning processes is 
eventually clearly demonstrated, there is need not only for 
knowledge of other types of learning, but also for clearer and 
wider knowledge of the mechanisms of rote learning itself. It is 
in pursuit of the latter that the present investigation finds its 
application. 

It should logically be profitable to attack the problem of the 
nature and causes of forgetting through study of phenomena 
which seem to be exceptions to the rule. Among these exceptions 
is the fact demonstrated by Jenkins and Dallenbach (21), and 
Van Ormer (52) that retention is markedly greater after intervals 
of sleep than it is after equally long intervals of waking state. 
Another phenomenon, superficially at least an exception, is the 
well-known recovery of conditioned responses after periods of 


24 Op. cit., page 234. 
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inactivity following experimental extinction. However, the 
latter would perhaps be not incompatible with the ordinary view 
of forgetting if one accepted the hypothesis put forward by 
Pavlov (40) that experimental extinction is the manifestation of 
a generalized internal condition called “ inhibition ”’, opposing 
excitation. One would also have to assume in this case that the 
inhibition itself was subject to forgetting and to an even greater 
extent than the excitation patterns involved. On the other hand, 
Hilgard and Campbell (16) have raised the question as to whether 
learning in the form of conditioning is ever lost except through 
experimental extinction, and then only temporarily. In their 
discussion of this the authors point out that the relative per- 
manence of conditioned reactions may be due to the specificity of 
the reaction patterns involved. It may be that the particular 
reaction in question is never called forth in any other setting and 
thus is not subject to as many disrupting effects as would be the 
case with symbolic learning. 

One of the most interesting exceptions to the ordinary concep- 
tions of forgetting is the phenomenon of reminiscence. Since 
it has been demonstrated under several quite different conditions 
it is but natural that explanations of reminiscence have differed 
widely, usually being formulated in terms of the special con- 
ditions under which it appeared. 

A survey of the literature on reminiscence shows there are at 
least three main explanations of reminiscence. The first of these 
is the explanation of Williams (53). He felt that rehearsal of 
the learned material, which was probably particularly interesting 
for his young subjects, was in all likelihood the most important 
factor. This possibility has been discussed at some length in the 
previous sections and will not be gone into further here. The 
fact that in Supplementary Experiment A there was even greater 
reminiscence after an interval filled with a continuous task than 
there was after an interval of rest would seem to rule out 
rehearsal as a cause of the reminiscence found in the present 
study. 

A second explanatory principle advanced to account for 
reminiscence lies in the theory of perseveration. Ballard (1), 
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Huguenin (17), and Nicolai (39) all favored some sort of gen- 
eral perseverative tendency as the explanation of the increase in 
function without overt practice. The doctrine of perseveration 
was first put forward by Muller and Pilzecker (38) in order to 
account for the supposedly greater disturbance caused by an 
interpolated activity when that activity followed immediately 
after a learning period. Specifically, these authors assumed that, 
once having entered consciousness, every idea possesses a per- 
severative tendency, or a tendency to rise freely into conscious- 
ness. This tendency, they thought, ordinarily dies rapidly away. 
But when the given idea or series of ideas is very soon repeated 
it becomes much stronger. 

As was pointed out by Foster (13), Muller and Pilzecker (38) 
made use of this hypothesis in explaining such a wide variety of 
psychological phenomena that even their own interpretation of 
their basic assumption was not always clear and unambiguous. 
And later investigators went still further in shifting these inter- 
pretations to suit their needs. However, as applied to learning 
activity in general, psychologists have usually thought that this 
hypothetical perseveration consisted in some “setting-in” of 
the neural processes involved, a sort of continuation of the 
activity on the psychological side. In the latter form it has 
been regarded by many as the best available explanation of 
reminiscence. 

In some respects the evidence from the present investigation 
fits in fairly well with the theory. For instance, it seems more 
likely that a sort of neural “ setting-in ”’, or perseveration, could 
account for the increased retention in the present study after 
two to five minutes of rest than that such an explanation could 
account for the reminiscence found after two or more days by 
Ballard (1), Williams (53), and others. But there are several 
objections to the theory. McGeoch (34) has discussed at length 
the evidence both for and against it, from the viewpoint of 
studies of retroactive inhibition; and he has concluded that the 
weight of evidence is against the theory. As he points out, the 
theory of perseveration is very difficult either to prove or to 
disprove. Insofar as any different mental activity may be 
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thought to interfere with the “ setting-in’’ process postulated by 
the theory, the evidence from Control Experiment A of the 
present study is against the theory. For there was even greater 
retention following an activity which might supposedly interfere 
with the perseveration of the learned items. But if, by defi- 
nition, this “ setting-in”’ is to be hindered only by those activi- 
ties after which forgetting can be demonstrated, then of course 
no evidence of this sort can be used against the theory. But in 
the latter case it ceases to have any true scientific or explanatory 
value and becomes merely another name for the very phenomena 
it seeks to explain. 

Among the investigators of the phenomenon there are naturally 
some who seem to have made little attempt at an explanation of 
reminiscence, giving only a demonstration of the phenomenon 
itself. Bunch and Magsdick (5) gave an excellent general sum- 
mary of the previous work on the topic but had no theory of their 
own to account for its appearance. Likewise English (10) made 
no attempt to describe any mechanism which might be responsible 
for the increased success of his subjects after four weeks without 
practice. He seemed to regard reminiscence as a basic charac- 
teristic of what he calls ‘‘ substance learning ”’. 

A third explanation of reminiscence is to be found in an 
hypothesis advanced by Lepley (28). This hypothesis is one of 
the few attempting to attack problems lying primarily in the field 
of memory with principles derived from studies of conditioned 
reactions. Regardless of final judgment as to the truth or falsity 
of the hypothesis, it has what may well be called the cardinal 
virtue for scientific hypotheses: it is definite, specific, and to a 
certain extent its implications are open to experiment verifica- 
tion or disproof. For a thorough examination of the hypothesis 
and the development of its logical implications the writer is 
indebted to Hull (19). Since in some of these implications the 
hypothesis has a very direct bearing upon the results of the 
present investigation, it will be discussed in some detail in the 
paragraphs to follow. 

The basic hypothesis here referred to is stated by Lepley (28) 


as follows: 
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“It has been assumed that the remote forward associations demonstrated by 
Ebbinghaus have the nature of delayed conditioned reactions.’’ 25 


On the basis of this assumption Lepley deduced first of all the 
relative difficulty of learning items at the centers of rote series. 
Given the supposedly “inhibitory” character of the period of 
delay in delayed conditioned reactions,*® it followed from the 
hypothesis that remote associations likewise should have an 
inhibitory effect upon syllables appearing between the items asso- 
ciated. Since the number of possible bonds of remote associ- 
ation passing over an item is greatest for items at the centers ot 
rote series, it followed further that the items located there should 
be subjected to relatively greater inhibitory conditions and thus 
be harder to learn than items at the ends of series. 

The fact that inhibitions of the conditioned reflex type (e.g., 
experimental extinction) disintegrate more rapidly with the pas- 
sage of time than do excitatory tendencies led Hull (19) to 
deduce from the Lepley hypothesis that inhibitions acting at the 
center of rote series during learning might die out rather rapidly 
with the passage of short intervals of time, leaving the excitatory 
tendencies more free to act and perhaps giving increased success 
or reminiscence. A corollary of this deduction is that reminis- 
cence, when it does occur, should be more noticeable in, if not 
entirely confined to, the terms at rote series centers. 

Superficially, the evidence from the present investigation sup- 
ports the Lepley hypothesis. With a given degree of learning 
for the lists as a whole, the percentage retained and the amount 
of reminiscence after short time intervals is greatest for items at 
the rote series centers. Yet, as was pointed out in a previous 
section, further analysis indicated that amount of reminiscence 
might as well or better be interpreted as related to degree of 
learning than as related to serial position as such. Final decision 
cannot be made upon this point since in the data of this experi- 
ment one cannot compare the retention of syllables at the rote 
series center with that of syllables of equal degree of learning at 
the ends of the series. The fact that, regardless of position at 


25 Op. cit., page 287. 
26 Pavlov (40), page 149. 
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the center or ends of rote series, groups of syllables with different 
degrees of learning showed differing amounts of reminiscence is 
partial evidence that serial position is at least not the primary 
factor involved. And if syllables of the same degree of learning 
but from different parts of rote series are shown to exhibit equal 
amounts of reminiscence, the inhibitory character of the period 
of delay in remote associations cannot be used to explain the 
reminiscence found, if it explains serial position differences in 
ease of learning. 

Furthermore, there is evidence that the piling up of inhibitions 
of delay at rote series centers cannot even be used as an explana- 
tion of the relative difficulty encountered in learning list items 
located there. As was pointed out earlier the relative and abso- 
lute serial position differences found in the present study seemed 
to be greatest at very early stages of the learning. Presumably, 
if remote associations have much of the nature of trace or delayed 
conditioned reactions, they should require many, many repeti- 
tions to bring about their establishment to a point where they 
would exert an inhibitory effect during their period of delay. 
Not enough is known about the nature of the processes involved, 
even at the conditioned response level, to reach any final con- 
clusion as to most of these points. For instance, it has yet to be 
established for delayed conditioned reactions that the period of 
delay has a genuinely inhibitory character with regard to other 
reaction tendencies than the one being delayed. 

There is another line of evidence which also seems to be 
against the Lepley hypothesis. If the relative difficulty of learn- 


- ing if:ns at rote series centers is due indirectly to the fact that 


the num. er of remote associations acting at that portion is greater 
than elsewnere in the series, any conditions tending to equalize 
the relative numbers of remote associations at the different por- 
tions of the series should also tend to equalize the relative diffi- 
culty of learning items in the different positions. The elimi- 
nation of the customary pause between successive learning trials 
in the learning of rote series should give each portion of the 
series an equal number of possible remote associative tendencies 
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acting upon it.*’ For, after the first presentation of the series, 
there would be nothing in the stimulating conditions to give the 
series a beginning or end; and the number of remote associations 
acting during the presentation of any item would tend to be 
equalized for the different positions of the series. According to 
the Lepley hypothesis, under these conditions there presumably 
should be much smaller serial position differences in ease of 
learning than in cases in which a pause occurs between successive 
learning trials. ‘This, however, does not seem to be the case. 
Mitchell (36) secured typical serial position values in the learning 
of lists of numbers when no interval occurred between successive 
presentations of the same lists. If the Lepley hypothesis is to 
explain these and certain other phenomena, considerable further 
analysis and perhaps certain additional assumptions would seem 
to be necessary. , 

There remains for consideration another aspect of the Lepley 
hypothesis. While the evidence is very limited as to the gen- 
eral inhibitory nature of the period of delay in delayed condi- 
tioned reactions, there is another characteristic of these reactions 
which is amply demonstrated experimentally. Pavlov (40) and 
Switzer (50) showed that after a period of non-occurrence of 
the stimulating conditions the response in a delayed conditioned 
reaction tends to draw forward, or antedate, its reenforcement to 
a greater degree. The analogy between this aspect of the 
delayed conditioned reaction and remote association is very close. 
Each item in a rote series may be regarded as the stimulus not 
only for the item immediately following, but also for items later 
on in the series. Part of the learning task might thus be 
regarded as a process of learning to delay, until the proper point 
for their appearance, the giving of items remote in the series 
from the one under consideration. 

From the characteristic drawing forward of delayed condi- 
tioned reactions after an interval of non-occurrence one would 

27In their analysis of the learning of rote series Lepley (28) and Hull (19) 
assumed that the pause between successive presentations of a series prevented 


to a large extent the formation of rernote associations between the final items 
in the series on one trial and the first items of the series on the next trial. 
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predict by analogy (a) that anticipatory intrusions would be more 
numerous in the responses on the first trials following intervals 
of rest than they were on the last learning trials preceding the rest 
period; and (b) that the average degree of displacement of 
anticipatory intrusions would be directly related to the length of 
the rest interval. The data from Part I of the investigation, 
though extremely meager, support these deductions. The num- 
ber of intrusional errors on the last learning trial before a rest 
period was of course OQ, since this was the criterion trial and by 
definition a trial of complete success. Hence valid comparisons 
can be drawn only between the intrusions occurring on the trial 
following the criterion trial on the control series and those occur- 
ring on the first trial following the various rest intervals. The 
total numbers of these intrusions were 5, 6, 10, 12, 10, and 9 for 
the control series, the 14, 2, 5, 10, and 20-minute intervals, 
respectively. The average degrees of displacement were 1 unit, 
1.5 units, and 1.7 units, respectively, for the control series, the 
average of the 1% and 2-minute intervals, and the average 
of the 10 and 20-minute intervals. These figures are extremely 
unreliable, but they are interesting in the light of the Lepley 
hypothesis. 

By analogy from the course of events in setting up a delayed 
conditioned reaction 01.2 would expect that the learning of rote 
series would manifest greater and greater degrees of success in 
correctly delaying individual responses until their proper location 
in the series. In other words, wherever an intrusional error 
occurs more than once, its last occurrence should be less displaced 
from the correct position than its first occurrence. The average 
displacements of the first and last occurrences of individual 
intrusional errors appearing more than once in Part I of this 
experiment were 4.0 and 2.6, respectively, showing the expected 
phenomenon very clearly. The data are here sufficiently exten- 
sive to be statistically reliable, the difference between the above 
averages being more than 6 times its probable error. One does 
not of course, need any conditioned reflex theory of learning to 
expect this result: it is almost a logical necessity from the fact 
that learning is going on at all. 
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Whether or not the Lepley hypothesis in either of its dual 
aspects is finally substantiated, the explanation of reminiscence 
in terms of the dying out of positive interfering tendencies 
which have grown up during learning seems to the writer to be 
an excellent one. Such an explanation is by no means new; it 
was put forward as early as 1908 by Book (3) to account for the 
improvement in typewriting during periods of no practice. While 
the learning activity considered by Book is perhaps more in the 
nature of the acquisition of a skill than it is symbolic learning, 
the same line of reasoning may well apply to the latter. It is 
pretty well agreed that what one can call inhibitions in a general 
sense—without implying anything as to their nature other than 
a tendency away from the reactions under consideration—are set 
up during the course of learning. For example, Lashley (27) 
has said 


“There can be little doubt, however, that false associations occur in the 
formation of language habits; and it seems probable that these may interfere 
with learning.” 28 
Foucault (14) went even further, regarding associative inhi- 
bitions as the chief determiners of serial position differences in 
difficulty of learning. These and many others have pointed out 
the existence of such factors and have speculated as to the part 
they played in learning. It is here suggested that a rapid dying 
out of “ false assoctations”’ and associative inhibitions leaves 
desired learned responses and correct associations more free to 
act, thus bringing about reminiscence. 

Speaking in everyday terms, one might say that there is an 
interaction of attempts not to make incorrect responses and 
attempts to respond correctly. Often incorrect responses are 
partially learned in the process. It would then seem natural, in 
the same common-sense terms, to expect that a short rest from 
the activity involved would allow one to forget these mistakes 
which are not as well learned as the correct responses with which 
they have partially interfered. If one regards these interfering 
tendencies as some sort of associative inhibition—pro-active, 
retroactive, or otherwise—one can easily assume also that an 


28 Op. cit., page 142. 
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interval of rest allows the dying out of these inhibitions at a more 
rapid rate than the positive excitatory tendencies formed at the 
same time. Such a viewpoint affords an excellent explanation 
of the findings of Control Experiment A, in which the task of 
color association produced such a marked amount of reminiscence 
when it filled the interval tested for retention. According to this 
viewpoint the task of color association is to be regarded as 
‘ disinhibiting ”’ the correct reactions to the series items by inter- 
fering chiefly with the associative inhibitions set up during 
learning. In other words, the color association task may be 
thought of as interfering with the erroneous and _ inhibiting 
habits, leaving the correct responses more free to function. 

Whatever may turn out to be the explanation of these findings, 
they have several interesting implications with respect to other 
well-known learning phenomena. Among these other phenomena 
is the fact of relative economy of distributed as compared with 
massed practice. This fact has usually been explained in the past 
by some general principle such as Jost’s (24) Law. In psycho- 
logical texts this law is often given as a statement that associ- 
ations continue to grow strong, or “set”, for perhaps two or 
three days after they are first formed.”® Stated in this way 
Jost’s Law is little more than another Theory of Perseveration. 
However, Jost’s Law is also given occasionally in another form, 
to the effect that a single reinforcement of two associations of 
equal strength and different ages raises the older of the two to a 
higher functional level than it does the one more recently estab- 
lished. Perhaps the latter statement of the Law is more satis- 
factory since it makes no assumption of a doubtful perseverative 
tendency. But in this form it does not throw much light on the 
mechanisms producing the relative economy of distributed prac- 
tice. Nor does it bear directly upon reminiscence such as was. 
found in the present study, although the facts stated in the Law 
may well be a manifestation of the same fundamental processes 
or principles. 

The relative economy of distributed as compared with massed 
practice has also been explained in terms of reminiscence. 


29 E.g., Pillsbury (42). 
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Obviously, if an individual can start each practice period after a 
rest which allows his previous learning to reach its highest pos- 
sible level through reminiscence, his learning will be more efficient 
than if the practice trials are massed in one session and he is 
unable to take advantage of the increment due to reminiscence. 
A somewhat similar explanation of the economy of distributed 
practice is given by Easley (8), except that he assumes instead of 
reminiscence a period after learning of little or no loss in func- 
tion—which period he regards as a basic characteristic of all 
learning. 

It seems to the writer that the results of the present study 
indicate that reminiscence alone is insufficient to explain directly 
the facts known about the relative economy of distributed prac- 
tice. It will be recalled that the reminiscence found was at its 
maximum at intervals of five minutes or less. If, then, reminis- 
cence were the chief factor, the maximum economy in the distri- 
bution of practice with lists of nonsense syllables should logically 
occur when learning trials are spaced every five minutes or so. 
Hence this type of reminiscence can hardly be invoked to explain 
the fact reported by Perkins (41) that the most efficient learning 
of nonsense syllables occurs with a distribution of learning trials 
one every two or three days. A more thorough analysis is surely 
needed of the determining conditions of both reminiscence and 
the relative efficiency of divided as compared with massed prac- 
tice. It may be that both phenomena are mediated by some more 
fundamental process or processes. For example, it would 
theoretically be possible that the different rates of dying out of 
correct responses or associations on the one hand, and of inhibit- 
ing or interfering associations and tendencies on the other hand, 
could account not only for reminiscence at very short intervals 
of time, but also for the greater relative economy of practice 
sessions distributed at intervals of one or two days. This type 
of explanation would require the additional assumption that once 
the interfering associations or tendencies are dropped out they 
will not return as rapidly with a continuation of learning as do 
correct responses and associations. 

Finally, it seems appropriate to mention certain problems which 
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are raised by the data presented in this report. Perhaps the 
foremost of these is the question of what relation the reminis- 
cence here reported bears to the reminiscence described by pre- 
vious investigators. By determining the-effects on retention of 
changes in type of learning materials and age of subjects it 
should be possible, through other experiments under somewhat 
similar experimental conditions, to get an answer to this and 
similar questions. It may be possible in this way to show either 
that all the different types of reminiscence reported are mani- 
festations of the same fundamental psychological processes, or 
that they have little or nothing in common except the fact of 
increase in function without further practice. 

A second important problem was raised by the data described 
in Section V, Serial Position and Retention. These data showed 
that serial position differences in retention were still present as 
long as 20 minutes after learning. As was pointed out, this is in 
marked contrast to the finding of Hull (20) that after 24 hours 
there are no consistent serial position differences in amount 
retained. Further light would be thrown upon this question if 
similar past or future investigations of retention were to be 
analyzed in terms of serial position for intervals lying between 
20 minutes and 24 hours. 

Additional evidence is also needed to determine the relationship 
between degree of learning and retention for more widely differ- 
ing degrees of learning. One would like to know, for example, 
whether or not reminiscence appears to any marked degree with 
overlearned material, and at which point in learning there is rela- 
tively most reminiscence. Kline (25) has shown that degree of 
associative inhibition is a function of degree of learning. A 
comparison of the relative amounts of reminiscence and asso- 
ciative inhibition at different degrees of learning should thus give 
important evidence bearing upon the writer’s explanation of 
reminiscence in terms of inhibitory tendencies built up during 
learning. Study of the effects on retention of changes in degree 
of learning should also give interesting information as to differ- 
ences between recall, time of anticipation, and savings scores as 
measures of the retention of widely different amounts of learning. 
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These and many other similar problems must be left for future 
experimental analysis. 


VIII. SumMaryY 


An investigation was made of the retention of both completely 
and partially learned nonsense syllable lists after intervals vary- 
‘ing from 6 seconds to 20 minutes in length. After four practice 
sessions 24 subjects each learned 12 standard 12-unit lists of 
nonsense syllables by the anticipation method. One-half of the 
subjects carried the learning through the first trial on which 
every item was correctly anticipated, while for the other half the 
learning was stopped after the first trial on which 7 of the 12 
syllables were correctly given in anticipation. Retention was 
tested after intervals of 1%, 2, 5, 10, and 20 minutes. Control 
series were included in which the learning was carried through 
to completion without pause, the score atiained on the trial fol- 
lowing the criterion trial affording, it was thought, a valid 
measure of the amount of learning tested for retention in the 
experimental series after the various intervals. The order of 
testing of the various intervals was counterbalanced to control 
practice effects and other constant errors. Each subject had two 
different retention tests at the given intervals and each learned 
but one list in any one day. 

The general experimental prpocedure was to have the subjects 
learn lists of nonsense syllables to a given level of success; then, 
after an interval of rest, to test this learning for retention, both 
by the recall and relearning methods. In addition, for the sub- 
jects who carried the learning to completion, measurements were 
taken of the length of time of anticipation of all items correctly 
anticipated. Comparisons were also made between the numbers 
of syllables recalled at the center and at both ends of the rote 
series. 

The data secured in this manner yielded the following results: 

1. The average retention scores secured showed to a marked 
degree the phenomenon of reminiscence, there being an actual 
increase in retention during the shorter rest periods studied. It 
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was found that under these experimental conditions the curve of 
average retention for rote nonsense materials rises quickly within 
2 minutes after learning to a maximum of 10% or more above 
the level of immediate recall scores secured on control series. 
The curve then falls off rapidly after 5 minutes until at 10 and 
20 minutes forgetting has definitely set in. Three measures of 
retention each showed this phenomenon very clearly. It was 
apparent in the data from subjects who learned the lists to com- 
plete success as well as in the data from subjects only partially 
learning the lists. At least one measure—number of trials saved 
in relearning—showed a satisfactory statistical reliability for the 
reminiscence found. 

2. Analysis of the learning records and of the recall and 
relearning scores on the control series showed clearly that the 
criterion trial score is not a valid measure of degree of mastery. 
It was concluded that previous studies basing per cent retention 
upon criterion trial scores were thereby in error. 

3. Length of time of anticipation was shown to be an excellent 
measure of retention, the longer the average time of anticipation, 
the greater the retention. This measure produced a curve of 
average retention very similar to that based upon anticipatory 
recall scores. | 

4. There was a remarkable agreement between the average 
retention score secured in the present study at the 20-minute 
interval and that reported by Luh (29) for the same interval. 

5. The relationship between degree of learning and amount of 
retention was shown to be a complex one, depending in part upon 
the measure of retention used. For all intervals tested the actual 
amount retained was shown to be directly related to degree of 
learning. This was true for both the recall and the relearning 


scores. 
6. Confirming the conclusion of Luh (29) to that effect, recall 


and relearning scores were shown to be rather different measures 
of retention. In terms of recall scores the lesser of two degrees 
of learning studied showed relatively the greater amount of 
reminiscence, while the reverse was true for the relearning scores. 
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7. Typical serial position differences in difficulty of learning 
were found, the point of maximum difficulty falling at or near 
the 8th syllable in the 12-syllable series. 

8. In contrast to the findings of Hull (20) after 20 hours, 
marked serial position differences in number of successful antici- 
pations given in recall were noted after 20 minutes. 

9. Reminiscence was found to be much greater, both relatively 
and absolutely, on syllables 6, 7, 8, and 9 at the conter of the 
rote series than it was on syllables 3, 4, 11, and 12 toward the 
ends of the series. Only recall scores were available for this 
comparison. 

10. Since, regardless of position in rote series, the amount 
retained proved to be inversely related to degree of mastery as 
measured by immediate recall, it was suggested that reminiscence 
might best be described as related to serial position only through 
concomitant variations in degree of learning. It was pointed 
out that the data of this investigation were not crucial on this 
point. 

11. Supplementary control experiments indicated that the 
reminiscence found was due neither to rehearsal of the lists of 
nonsense syllables during the rest periods nor to the artifact of 
ending the learning at a criterion trial which was by definition a 
trial of especially great success for that general level of mastery. 

12. Engaging in the task of color association during the 
2-minute interval was shown to produce almost 3 times as much 
reminiscence as was found when the subjects merely read to 
themselves during the interval. This difference between the two 
conditions was statistically reliable. 

13. Anticipatory intrusions occurring in the learning and in 
the recall series as well, though small in total numbers, seemed to 
support the Lepley (28) hypothesis that remote associations have 
the nature of trace or delayed conditioned reactions. 

14. It was concluded that at present the best explanation of the 
type of reminiscence found in this study is in terms of the rapid 
dying out of inhibitory tendencies built up during learning, with 
the correct responses thereby becoming more free to function. 
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